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- Introduction 


This publication contains additions and revisions to the information contained in the 1987 
Semiconductor Databook Volume 1. 


In order to properly reference the information in this publication, it is recommended that the 
following pages in the 1987 Semiconductor Databook Volume 1 be marked to note that changes 


exist. 
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- Part Identification Codes 
The following identification codes are used with the devices in this databook. 


780 Series 
78xyz - XX - XX 
t 0 = Processors 5 = Controllers GA = Gullwing 
1 = Coprocessor 6 = Graphic devices FA = Straight 
2 = Memories 7 = Bus interfaces PA = Pin grid array 
3 = I/O devices 8 = Communications devices 
4 = Reserved 9 = Reserved 
DC Series 
DCxyz 
t 0 = Custom bipolar devices 
——— 1 = Custom bipolar devices 


3 = MOS devices 
5 = MOS devices 


- Cross-referencing of Semiconductor Products 


Part Part _ Purchase Description 
Name Number Number 
DC003 DC003 19-12730-00 Dual-interrupt Circuit | 
DC004. = =DC004 19-12729-00 — Register Selector (Protocol) Logic 
DC005 = DC005 19-13040-00  4-bit Transceiver 
DC006 DC006 19-14035-00 | Word Count/Bus Address Logic 
DCO010 DCO010 19-14038-00 Direct Memory Access 
DCO013 DCO013 19-14438-00 | UNIBUS Request Logic 
DCO018 — 19-17043-00/1 Serializer/Deserializer 
Dc021 DC021 19-19015-00 Octal Bus Transceiver 
DCO22. 0 — 19-17871-00 16-Word by 4-bit Register File 
DCO24 — 19-20116-01 Encoder/Decoder Logic 
DC028 78701 19-22110-01 | VAXBI Clock Driver 
DC029  ~=78702 19-22111-01 VAXBI Clock Receiver 
bc102—_ — 19-13888-00 Equals Checker 
DC301  =— 21-12623-00 Dual Baud Rate Generator 
DC309 —_—— 21-15102-00 Reed Solomon Generator 
DC310 DCT 21-17311-01 DCT11 16-bit Microprocessor 
DG39 DC319 21-17312-00 DLART 
DC321 ~—~*FPYI1 21-21858-00 — FPJ11 Floating-point Accelerator 
DC502 78680-GA  21-25011-01 Video Processor (VIPER) 
DC323 78690-GA  21-21553-01 Video Control (ADDER) 
DC324 78732-PA = 21-21689-00 VAXBI BITC 
DC327 —_ 21-20852-AA  V-11 ROM/RAM 
DC328 — 21-20851-AA — V-11 Instruction/Execution Logic 
DC329 on 21-20850-AA V-11 Memory Management Logic 
DC330. — 21-20849-AA  V-11 Floating-point Accelerator Logic 
DC333 78032-GA 21-20887-01, MicroVAX 32-bit CPU 

-04, -05, -06 
ee DCJ11-AC 57-19400-08 DCJ11 16-bit Microprocessor (15 MHz) 
_ DCJ11-AA 57-19400-09 DCJ11 16-bit Microprocessor (18 MHz) 
vi Confidential and Proprietary 


Part 
Name 
DC335 
DC337/ 
DC343 
DC344 
DC349 
DC5003 
DC358 
DC503 
DC506 
ADVICE 


Part 
Number 
DCJ11 
78132-GA 
78743-PA 
78733-PA 


78808-GA 


78584-GA 
78532-GA 
78610-GA 
78516-GA 
ADVICE 


Purchase 
Number 
21-17679-00 
21-22797-01 
21-23838-01 
21-23839-01 
21-23458-01 
21-23864-01 
21-24329-01 
21-24941-01 
21-24330-01 


Description 


DCJ11 16-bit Microprocessor 

MicroVAX Floating-point Unit 

VAXBI BCAI | 

VAXBI BCI3 

Octal ART 

Dynamic RAM Controller (DYRC) 

MicroVAX Direct Memory Access (DMA) 
Programmable Sprite Cursor 

MicroVAX Vectored Interrupt Controller (VIC) 
MicroVAX Incircuit Evaluation/Emulation Unit 
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Recommended Operating Conditions 

« Supply voltage (Vpp): 4.75 V to 5.25 V 

- Active supply current: (Ipp): 700 mA (maximum) 
= Temperature (T,): O°C to 70°C 

« Relative humidity: 10% to 95% (noncondensing) 


= Minimum airflow over chip: 250 linear feet/minute 


Part Number Variations 


Four variations of the MicroVAX 78032 are available. All variations operate at a maximum clock 
(CLKI) rate of 40 MHz. The Digital part numbers assigned to these are 


Part Number Package Leads 
21-20887-01 formed 
21-20887-04 unformed 
21-20887-05 formed 
21-20887-06 unformed 


The functional restrictions of the 21-20887-01, and -04 versions are 

—DMA requests that coincide with memory management activity or floating-point completion 
polling, may cause the MicroVAX CPU to missequence. To prevent this, the assertion of DMR 
signal should be synchronized with the deassertion of the AS signal to the chip. 

—Interrupt requests that are asserted and then deasserted before being serviced (passive release) 
by the MicroVAX CPU, may cause the CPU to missequence. To prevent this, the IRQ < 3:0> line 
should remain asserted until the chip acknowledges the request with the interrupt acknowledge 
cycle. 


Clock Input Timing 


Figure 38 shows the timing specifications for the CLKI input clock signal and Table 18 lists the 
timing parameters indicated on the diagram. 


tClH—> tcIP 


tciR 


tciF ! | tciL 


Figure 38 » MicroVAX 78032 CLK1 Timing Waveform 
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Table 18 » MicroVAX 78032 CLKI Timing Parameters 


Timing Symbol Signal Definition Requirements (ns) 
Min. Max. 
tes Clock in fall time — 4.5 
tei Clock in high 8 = 
tai: Clock in low 8 —_ 
tas : Clock period 25 50 
fis Clock in rise time _ 4.5 


CPU Read and Write Cycle Timing 
Figure 39 shows the timing sequence for the CPU read cycle and Figure 40 shows the timing 
sequence for the CPU write cycle. The parameters for the CPU read and write cycles are listed in 


Table 19. 
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Figure 39 » MicroVAX 78032 CPU Read Cycle Timing Sequence 
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Table 19 = MictoVAX 78032 CPU Read and Write Cycle Parameters 





Timing Signal Definition 


Symbol 
taas 

Casa 
tasnc 


tastc 


taspB 
taspr 
taspso 
taspz 
tasHw 
Casitw 


tasws 
taswE 
Caswr 


tgmas 
tcasn 
teas 
tcp1 


tcpo 


> 


Address set up time to AS assertion 
Address hold time after AS assertion 
AS rising through 2.0 V to CLKO rising through 0.8 V 


AS falling through 0.8 V to 
CLKO rising through 0.8 V 


al 


> 


AS and DBE deassertion to data three-state 
AS deassertion width 
AS assertion width 


AS assertion to beginning of 
RDY, ERR, and DMR sampling window’ 


AS assertion to end of RDY, 
ERR, and DMR sampling window’ 


WR, BM<3:0>, CS <2:0> hold 


time from AS deassertion 

BM <3:0> set up time before AS assertion 

CLKO rising through 2.0 V to AS rising through 0.8 V 
CLKO rising through 2.0 V to AS falling through 2.0 V 
CLKO rising through 2.0 V to read data valid 

Write data hold time from CLKO rising through 2.0 V 
CLKO fall time 


CLKO high 
CLKO low 
CLKO period 


CLKO rise time 
T4 CLKO rising through 2.0 V to beginning of 
RDY, ERR, and DMR sampling window’ 


T4 CLKO rising through 0.8 V to end of 
RDY, ERR, and DMR sampling window’ 


S assertion to DBE and DS (read) assertion 
S assertion to read data valid! 


S assertion to DS assertion (write) 
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Requirements (ns) 


Min. 
2P-28 
2P-15 
P-23 
P-20 


3P-15 


SP-15 
3P 
12P-15+8PS 


S ceaaual 


6P+10+8PS 


P-20 


2P-25 

P-7 

Pp-9 

P-15 
(2P-25) x .5 
(2P-25) x .5 
50 


3P+ 15 


Max. 


3P+20 
11P-30+8PS | 
5P+20 
2P-20 


(6P-45) +8PS 


100 
125° 
3P-45 
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Table 19 « Micro VAX 78032 CPU Read and Write Cycle Parameters (Cont.) 


Signal Definition 


Requirements (ns) 


Min. 


Max. 


DBE assertion width 


tpsiw 
tooc 
tpops 
tpsas 
tpsp 
tpsp1 
tpspo 
tpspz 
tosuw 
tostwi 
tpstwo 
twepi 


twras 


Notes: 


' Read data is valid early enough if tasp; OF tpsp OF tcp is satisfied. 


Write data set-up time to CLKO rising through 0.8 V 


Write data set-up time to DS assertion 

DS deassertion to AS and DBE deassertion 
Read data hold time after DS deassertion 
DS assertion to read data valid! 

Write data hold time from DS deassertion 
DS deassertion to read data high impedence 
DS deassertion width 

DS assertion width (read) 

DS assertion width (write) 

Sampling window end to read data valid 


WR, CS <2:0> set up time before 


AS assertion 


9P-20+ 8PS 
3P-42 
3P-30 

P-15 

0 


3P-20 

6P 
8P-20+8PS 
6P-20+8PS 


3P-35 


S mmmanaaal 


8P-354+8PS 


3-20 


? Requirements for the beginning of the sampling window are satisfied if either tysws Or tows is 
satisfied. 
> Requirements for the end of the sampling window are satisfied if either tswe OF tows is satisfied. 


* toy, tc, and tcp parameters are minimum for this value. 
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Table 20 » MicroVAX 78032 DMA Cycle Timing Parameters 


Preliminary 


MicroVAX 78032 


Timing Signal Definition Requirements (ns) 
Symbol Min. Max. 
ee AS and DBE deassertion to DMG assertion 4P-25 — 
tee CLKO rising through 2.0 V to P-7 P+ 16 
DMG rising through 0.8 V 
leek CLKO rising through 2.0 V to P-7 P+ 18 
DMG falling through 2.0v 
tine DMR to DMG latency 10P-25 60P+20+ 16PS 
tpomrcu DMR to DMG latency with 10P-25 28P+20+8PS 
bus unlocked 
tomer’ DMR hold with respect to 0 = 
DMG assertion 
tcparz DMG deassertion to external = 4P-20 
device three-state of DALS. 
tsaan DMG assertion to DMR deassertion on 6P-45 + 
such that no more DMA cycles are ((N-2) x 8P)! 
requested 
oe DMG rising through 2.0 V to P-25 os 
CLKO rising through 0.8 V 
teen DMG falling through 0.8 V to P-23 — 
CLKO rising through 0.8 V 
tay DMG minimum assertion width 10P-25 + = 
((N-2) x 8P)! 
tee DMG assertion to three-state ~10 0 
of AS, DS, DBE, WR. CS<2:0> 
and BM <3:0> 
fe DMG deassertion to external ae 3P-20? 
device of three-state of AS, DS, 
DBE, WR, CS<2:0> <3:0>and BM <3:0> 
Notes: 


' The number of microcyles that occur during a DMA grant. A DMA grant is issued for a minimum 
of two microcycles. | 

? At the conclusion of a DMA grant the external logic must deassert the AS, DS, and DBE signals 
before the external bus drivers become a high impedance. 

> If towrn parameter is not met (DMR is deasserted before DMG is asserted), then DMR must not be 
reasserted for 2.5 microcycles (500 ns at maximum frequency). 

External Processor Cycle Timing 

Figure 42 shows the timing sequence for the external processor read and response timing and for 

the external processor write command timing. Table 21 lists the timing parameters for the symbols 

referenced on the diagrams. 
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tEPDI 
teEPLWI (MAX) 


tEPzZ 


teprF— | 


tEPLWI (MIN) 


‘wREP—> TEPWR 


C_x_ fd 


tEPCSL 


tEPCSZ 


External Processor Read/Response Timing 





‘EPF 







tDOEPH 
tEPLWO (MAX) 


tEPLWO (MIN) 


‘wREP | tEPWR 


eT 
@ aes 


External Processor Write/Command Timing 


Figure 42 » MicroVAX 78032 External Processor Cycle Timing Sequence 
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Timing 


Symbol 
tcep 
tporPH 
Cepcsi 
tepcsz 
teppr 
tepr 
tepHDo 
tepic 
tepLwi 
tepLwo 
tepwr 
tepz 


twrep 


Preliminary 


Table 21 » MicroVAX 78032 External Processor Cycle Timing Parameters 


Signal Definition 


CLKO falling through 0.8 V to EPS falling through 2.2 V 
Write data valid set up time to EPS deassertion 

EPS assertion to external processor assertion of CS2 

EPS deassertion to CS2 high impedance by external processor 
EPS assertion to read data valid 

EPS fall time from 2.2 V to 0.6 V 

Write data hold time from EPS deassertion 

EPS falling through 0.6 V to CLKO falling through 2.0 V 


EPS assertion width (read) 

EPS assertion width (write) 

WR and CS <1:0> hold time from EPS deassertion 
EPS deassertion to read data high impedance 


WR and CS <1:0> set up time before EPS assertion. 


Reset Timing 
Figure 43 shows the timing sequence for the reset function of the processor and Table 22 lists the 
timing parameters for the symbols referenced on the diagram. 


CLKO 














TI | 72 
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Requirements 


Min. 
P-5 
2P-35 
0 

0 

0 
2P-25 
P-25 
4P-20 
5P-20 
P-20 


2P-35 


Ti T2 


a= aan 


T3 
a | sccneeae comme ee ee 
(} 





Max. 

P+19 
3P-40 
2P-20 
4P-40 


| 


'RESH 
UNKNOWN 
ae 


Figure 43 » MicroVAX 78032 Reset Timing Sequence 
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Table 22 « MicroVAX 78032 Reset Timing Parameters 


Timing Signal Definition Requirements (ns) 

Symbol Min. Max. 

tics RESET deassertion to first CLKO pulse if RESET 3 3P +10 3P+85 
is deasserted synchronously 

te Number of CLKO periods from RESET deassertion 32 periods — 
until first DAL activity 

trrscH RESET assertion to DMG, EPS deassertion! = 150 

i RESET assertion to AS, DS, DBE, WR deassertion’? = 1.0 us 

tance RESET assertion width after Vpp = 4.75 V 3.0 ms — 

tresws RESET assertion width if Vpp has already been at 4.75 V 3.0 us — 





for 3 ms when RESET is asserted 


tes RESET assertion to DAL< 31:00 >, BM<3:0>, ee 100 
CS <2:0> high impedence’ 

Notes: 

! When the RESET level is asserted, the DMG and EPS signals become high and remain high. 

2 When RESET is asserted, AS, DS, DBE and WR outputs become a high impedance state and the 
levels become high by low current internal pull-ups. 

> When the RESET level is asserted the BM<3:0> lines and CS<2:0> lines become high- 
impedance. 


Mechanical Specifications 


The dimensions of the MicroVAX 78032 68-pin cerquad surface and socket mount packages are 
shown Appendix E. 
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Pin Signal Input/Output Definition/Function 
DT IAKEON output Interrupt acknowledge enable out N—An active 


low pulldown output that connects together with 
the IAKEOP output to the IAKEI input of the 
next device in the daisychain or connects to the 


ERR input of the CPU. 

39 CSEL input Chip select—Enables read/write operations to 
the internal registers. 

31 RESET input Reset—Sets the VIC to a known initial state. 

30 CLK input Clock—Used to generate the internal time states 
of the VIC. 

10,11,29,44,49,60 Vopp input Voltage—5 V Power supply voltage. 

12,32,48,58,59 Vos input Ground—Ground reference 

33-38 NC — No Connection 


Micro VAX Bus Interface Signals 

Data/Address lines (DAL < 15:00>)—These lines are bidirectional and are used to transfer 
address and data between the VIC and the CPU. During internal VIC register access cycles, when 
the CSEL line is asserted, the DAL< 15:00> lines transfer data to and from the internal registers. 
During the first part of an IACK cycle, the level of the pending interrupt being acknowledged is 
decoded from the low-order information on the DAL. During the response part of the IACK cycle 
when the pending interrupts on the IPL level being acknowledged are recognised and priority was 
passed by asserting IAKEI, the VIC transfers information from an Interrupt Vector (IVEC) register 
to DAL< 15:00> if bit 01 of the Interrupt Vector register is clear. When bit 01 is set, an external 
vector must be made available from the interrupting device. Refer to the IVEC registers (0-15) for 
additional information. The DALs are driven by the VIC only when IAKEI is asserted, IAKEON is 
not asserted, and IVEC bit 0 is cleared. During all other conditions, the DALs are high-impedance 
during the IACK cycles. 


Address strobe (AS)—When asserted, this signal latches the information on the DAL<06:00>, 
CS<2:0>, and the WR lines into the VIC. This information is used internally to latch the 
PIRQ < 15:00 > line information for the duration of a read or interrupt acknowledge bus cycle that 
addresses the VIC. 


Data strobe (DS)—This signal is used by the VIC for data timing during internal register access 
cycles and interrupt acknowledge cycles. When writing to one of the internal registers, the 
assertion of this signal strobes the DAL< 15:00 > line data into the selected register. When reading 
an internal register, the assertion of this signal is used to transfer the contents of the selected 
register onto the DAL<15:00> lines. When responding to an interrupt acknowledge cycle, the 
assertion of this signal is used to transfer the contents of the appropriate interrupt vestor register 
onto the DAL< 15:00 > lines. | 


Write (WR)—This signal is used with the CS <2:0> information by the VIC during CPU read, 
write, and interrupt acknowledge cycles to specify if the access to a VIC register is a read or write 
operation. A CPU-to-VIC write cycle is indicated if CSEL is asserted when WR is asserted and a 
write transaction is decoded from the CS lines. 


Control status (CS < 2:0 > )—These lines and the WR input are decoded to determine the presence 
of a read, write, or interrupt acknowledge bus cycle. The bus cycle selections are listed in Table 2. 
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Table 2 « MicroVAX 78516 Bus Cycle Decoding* 


CS Line WR CSEL Bus Cycle 

zZ 1 0 

H xX xX H ly Read 

H Xx H L L Write 

L H H H Xx Interrupt acknowledge 


*H = high level, L = low level, X = either high or low level. 


Ready (RDY)—This signal is asserted by the VIC when its internal registers are accessed during a 
read or write cycle or during an interrupt acknowledge (IACK) cycle when the VIC is providing an 
interrupt vector. During IACK cycles, at least one ready slip will be generated to allow an interrupt 
acknowledge enable signal (IAKEI, IAKEOP, or IAKEON) to propagate through the daisychain. 
The total number of ready slips that occur depends on the length of the daisychain. This is an open 
drain (pulldown) output capable of sinking 16 mA. 


Interrupt Interface Signals 

Peripheral interrupt request (PIRQ < 15:00 >)—These input lines are used by peripheral circuits 
to request an interrupt. When one or more of these lines are asserted and the interrupts are 
enabled, the VIC will assert the appropriate IRQ line(s). Mapping between each PIRQ line and the 
IRQ line is programmable by software though the IRQ Map registers. The interrupt request can be 
sensed by a signal level or edge or by the signal polarity. The sensing is programmable by the user. 
Unused PIRQ lines must be connected to a valid logic level. 


Interrupt request (IRQ < 3:0>)—One or more of these lines will be asserted by the VIC when a 
PIRQ line is asserted and the interrupts are enabled. The IRQ Map registers determine which IRQ 
line is asserted for a particular PIRQ line. An IRQ line will be deasserted when all pending 
interrupts mapped to that IRQ line have been serviced. These are open drain (pulldown) outputs 
that require external pullup resistors. 


Interrupt acknowledge (IACK)—This signal is a result of decoding the CS<2:0> and the WR 
lines and will be asserted for all interrupt acknowledge cycles. The signal is not affected by the 
interrupt acknowledge daisychain signals. It allows the external logic to disable the memory 
transceivers during an interrupt acknowledge cycle. 

External vector enable (KVEC)— This signal is used by external logic when the VIC is requesting 
that the interrupting device transfer its vector to the CPU. During an interrupt acknowledge cycle 
when the vector is being supplied by an external device, the hardware supplying the vector must 
assert the RDY signal at the appropriate time. The assertion of the XVEC signal also indicates that 
the VIC has placed the DALs in the high-impedance state. 


Daisychain Interface Signals 

Interrupt acknowledge enable in (IAKEI)—This input allows more than one VIC and other 
peripheral chips to be connected together in a daisychain. When this input is asserted, the VIC can 
respond to the current interrupt acknowledge bus cycle. This signal should be connected to a 
ground reference if the VIC is the highest priority device in the daisychain. 
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level. The CPU will respond with an interrupt acknowledge cycle that contains the priority level of 
the interrupt being acknowledged. The VIC then decodes the IACK cycle and IPL line information 
and if the VIC generated the interrupt and the IAKEI (daisychain input) signal is asserted, it selects 
the vector of the next PIRQ to be serviced for that IPL level. It then places that vector on the 
DAL< 15:00> lines. If the VIC did not request the interrupt, it asserts the IAKEON (daisychain 
output) signal to allow the next devices in the daisy chain to be serviced. When the VIC is 
responding to an interrupt, it holds the IAKEON line from being asserted to prevent devices in the 
daisychain that have a lower priority from responding. : | | 


Registers = | | | : 

The VIC contains 16 interrupt vector registers and 9 interrupt control registers that allow each 
request to be individually configured by software. The internal VIC registers, shown in Figure 3, 
are accessible by the CPU and are used by software to configure the operation of the VIC. Each 
register consists of 16-bits and is located on a longword boundary. The base address is determined 
by external address decode logic. Direct access to the VIC registers is enabled when the CSEL signal 
is asserted and the VIC decodes the address on the DAL< 06:00 > lines to select the register to be 
accessed. | | 


The Polarity, Level/Edge Interrupt Enable and Pending Summary registers are cleared by the 
assertion of the RESET input. Therefore, the VIC is programmed for the falling edge of PIRQ 
assertion and all interrupts are disabled. The IRQ Map and Interrupt Vector registers must be 
programmed before the interrupts are enabled. 


NOTE: Only word access to the lower 16-bits of the longword are allowed to transfer data between 
the CPU and the VIC. Byte accesses and longword accesses are not allowed. Longword 
access may result in the CPU reading the incorrect data or lost data during a write cycle. 


ADDRESS 15 | | 00 



























BASE POLARITY REGISTER 
BASE+4 - LEVEL/EDGE REGISTER 
BASE+12 
BASE+16 | IRO MAP REGISTER 0 
BASE+24 | - IROMAP REGISTER 2° : | 
BASE+28 | IROMAPREGISTER 3 a 
BASE+36 | ; ADDRESSES (BASE+36) 
. TO (BASE+60) ARE 
A ae | 
eases 
j ° 
BASE+124 ; INTERRUPT VECTOR REGISTER 15 __ | 


Figure 3 « MicroVAX 78516 Register Address and Descriptions 
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Polarity register—The polarity (POL) is a read/write register that selects the polarity of the input 
used to assert a PIRQ< 15:00> line. When a bit is set, the corresponding line is asserted by a low- 
to-high transition or by a high level. When a bit is clear, the corresponding line is asserted by a high- 
to-low transition or by a low level. The register format is shown in Figure 4. 





PIRQ<15:00>LEVEL/EDGE POLARITY 


Figure 4 +« MicroVAX 78516 Polarity Register Format 


The POL register is used with the level/edge (LE) register to configure each PIRQ input. A PIRQ 
input may be configured to respond to a rising edge, a falling edge, a high level, or a low level signal. 
Table 3 shows the bit selections of the POL and LE registers and the resulting state of a PIRQ line. 
When the RESET line is asserted, the POL register is cleared. 


Table 3 = MicroVAX 78516 PIRQ Input Line Configurations 


POL Bit LE Bit PIRQ Asserted State 
0 0 | Falling edge 

1 0 Rising edge 

0 1 Low level 

1 1 High level 


Level/Edge register—The level/edge (LE) is a read/write register used to select the way in which a 
PIRQ < 15:00> line detects an interrupt request. It allows the user to select either level or edge 
sensitive triggering. When a bit is set, the corresponding PIRQ line is level sensitive. When a bit is 
clear, the corresponding PIRQ line is edge sensitive. The polarity of the PIRQ line input is selected 
by the polarity register (POL). Figure 5 shows the LE register format. 





PIRQ<15:00>LEVEL/EDGE TRIGGER 


Figure 5 « MicroVAX 78516 Level/Edge Register Format 
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Level-sensitive inputs allow more than one device to be connected to a single PIRQ line by using a 
wired AND/OR structure. Once the correct polarity level is detected by the VIC, the corresponding 
interrupt pending bit is set in the pending summary register (PSR). The interrupt pending bit will 
remain set until the PIRQ line is cleared. Therefore, an interrupt acknowledge cycle from the CPU 
will not clear the interrupt pending bit in the PSR register until the PIRQ line is deasserted. If a 
wired AND/OR structure is used, an external pullup/pulldown resistor is required on the PIRQ line. 
Edge sensitive inputs detect either a high-to-low (falling edge) or low-to-high (rising edge) 


transition. When the correct transition is detected, the corresponding bit in the PSR register will be 


set. When the RESET line is asserted, the LE register is cleared. 


Pending Summary register—The pending summary register (PSR) is a read/cleat fepister that 
provides a summary of the internal interrupt pending flags. When a bit is set, an interrupt request 
is pending for the corresponding PIRQ line. When a bit is clear, no interrupt is pending for the 
corresponding PIRQ line. When the VIC performs the IACK cycle, the corresponding PSR bit will 
be cleared if the coresponding bit in the LE register is cleared. If the corresponding bit in the LE 
register is set, the interrupting device must deassert its PIRQ line when serviced. The contents of 
the PSR register are latched during a read and IACK cycle. The register format i is shown in Figure 6. 


15 14 «+13 «12° «° 11 10 09 «€©08)6~=6—(O7)COSti‘<‘iSHtCi«<“iHSti‘i‘i]!tCPtié‘i Ci 





PIRQ<15:00>INTERRUPT PENDING 


Figure 6 » MicroVAX 78518 Pending Summary Register Format 


The VIC manages the setting and clearing the PSR register bits for level and edge sensitive PIRQ 
inputs as follows. When the RESET input is asserted, the PSR register is cleared. 


« For level sensitive PIRQ inputs, the corresponding PSR bit will be set when the PIRQ line is 
asserted and cleared when line is deasserted. 


- For edge sensitive PIRQ inputs, the corresponding PSR bit is set on the asserting edge of the 
PIRQ input. The PSR bit for a PIRQ input will be cleared by an interrupt acknowledge cycle that 
acknowledges the interrupt request of the corresponding PIRQ line, when the software clears the 
PSR bit by writing a zero into the appropriate bit, or when information is written into the LE 
register. 





Interrupt Enable register— The interrupt enable (IEN) is a read/write register that is used to enable 
or disable the reporting of interrupts to the CPU by each PIRQ line. When a bit is set, it allows an 
interrupt request from the associated PIRQ line to generate an interrupt to the CPU. When a bit is 
clear, the associated PIRQ line is prevented from generating an interrupt to the CPU. The register 
format is shown in Figure 7. 
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15 14 13: 12 11 10 09 08 O77 06 05 04 03... 02 01 00. 





PIRQ<15:00>INTERRUPT ENABLE/DISABLE 


Figure 7 «= MicroVAX 78516 Interrupt Enable Register Format 


The IEN register enables or disables the generating of an interrupt to the CPU and does not affect 
the detection of interrupts by the VIC. When a PIRQ line is asserted, the corresponding bit in the 
PSR register is set regardless of the state of the IEN bit for the PIRQ line. The IEN register provides 
the support for a software interrupt polling scheme. The register is cleared when the RESET input 
is asserted. | | | 





IRQ Map registers (0-3)—The interrupt request map (IMAPO through IMAP3) are read/write 
registers that are used to select the IRQ line to be asserted by the VIC when a PIRQ line is asserted. 
When a bit in one of the IMAP registers is set, the corresponding PIRQ line is mapped to the 
associated IRQ line. The register format is shown in Figure 8. Each register corresponds to one of 
the IRQ outputs as defined in Table 4. . 





PIRO<15:00>TO MicroVAX IRQ LINE 


Figure 8» MicroVAX 78516 IRQ Map Registers (0-3) Format 


Table 4 » MictoVAX 78516 IMAP Register to IRQ Mapping 





Register Line 
-IMAP3 ~ TROB 
IMAP2 IRQ? 
IMAP1 TRQI © 
IMAPO TROO 


Example: If bit 3 of the IMAP1 register is set when the PIRQ3 line is asserted and the IEN register 
bit is set for this line, line IRQ1 will be asserted. | 


The IMAP registers are not initialized when the RESET line is asserted and the contents will be 
undefined until programmed by software. 
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Round Robin register— The round robin (ROBIN is a read/write register that is used to select either 
fixed or round robin priority mode of operation for each IRQ level. More than one bit may be set in 
this register at a time and the register controls only the PIRQ lines for the associated VIC. The 
register is cleared when the RESET input is asserted. The register format is shown in Figure 9. 
Table 5 describes the function of each bit. 








RAZ RR17-RR14 


Figure 9» MicroVAX 78516 Round Robin Register Format 


Table 5 « MicroVAX 78516 Round Robin Register Description 
Bit Description 
15:04 RAZ (Read as zeros) —Not used 


03:00 RR17-RR14 (ROUND ROBIN IPL17-IPL14)—These bits select the priority mode for all 
interrupts mapped to lines IRQ<3:0>. RR17 selects IRQ3 etc. When set, the round 
robin mode is selected. When cleared, the fixed mode is selected. 


Interrupt Vector registers (0-15)—Each of the 16 interrupt vector (IVECO through IVEC15) 
registers is a read/write register that contains a fully programmable 16-bit vector. There is one IVEC 
register for each PIRQ line. Each register can select any location in the CPU System Control Block 
during the interrupt acknowledge cycle. The VIC automatically transfers the highest priority 
register information onto the DALs during the second half of the CPU IACK cycle. These registers 
can be read by software using a CPU read cycle. The register format is shown in Figure 10 and Table 
6 describes the function of each bit. 





PIRO INTERRUPT VECTOR 


XVE 
QFLG 
Figure 10» MicroVAX 78516 Interrupt Vector Registers (0-15) Format 
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Table 6 = MicroVAX 78516 Interrupt Vector Registers (0-15) Description 


Bit Description 


15:02 VECTOR (PIRQ interrupt vector)—This vector is the offset into the system 
control block (SCB) for the location of the interrupt routine. 
01 XVE (External vector enable)—When set, the DAL< 15:00> line drivers are 





disabled and the XVEC line is asserted during an IACK cycle, indicating that an 
external vector is to be supplied. When clear, the VIC will drive the contents of 
the IVEC register onto the DAL< 15:00> lines during an IACK cycle. 


00 QFLG (Normal/Q-bus processing flag)—Setting this bit causes the CPU to 
respond by setting its internal IPL to 17 (hexadecimal). This feature is useful for 
programming Q-bus systems. The status of bits 15:10 and the XVE bit 01 are 
ignored by the CPU. When clear, the CPU will service the interrupt normally. 





These registers are not initialized when the RESET input is asserted and the contents of the register 
is undefined until programmed by software. 


Interrupt Level Triggering and Edge Triggering 

The sensing of an interrupt condition by the VIC may be programmed for each PIRQ input by the 
LE register. Each PIRQ line can be set to respond to either a signal level or to a signal transition 
(edge). The polarity of the sensed condition is also programmable. 


In the edge-triggered mode, either a high-to-low or low-to-high transition on the PIRQ line will 
cause the VIC to latch the PIRQ line information. Further transitions on this PIRQ line will have no 
effect. After the acknowledgment of the latched assertion by the CPU, the VIC resets the latching 
mechanism allowing the user to again assert the interrupt with a proper transition on the PIRQ line. 
A latched PIRQ assertion may be cleared by writing to the LE register or by writing a zero to the 
corresponding bit of the pending status register. 


In the level mode, the interrupting device must deassert the PIRQ input before the interrupt 
service routine ends to prevent the VIC from sensing the previous level and posting the same 
interrupt twice. During edge- or level-triggering, a bit in the pending summary register correspond- 
ing to that PIRQ line indicates the pending interrupt and if the interrupt is enabled, the VIC will 
assert the appropriate IRQ line as programmed in the IMAP register. 


If the CPU responds to an interrupt caused by a edge-triggered signal, the completion of the IACK 
cycle will cause the VIC to clear the corresponding PSR register bit. If level-triggered mode was 
selected, the PSR bit would continue to reflect the PIRQ status. 
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Absolute Maximum Ratings 


Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 


reliability of the device. 

- Storage temperature range: -55°C to 125°C 

- Active temperature range: 0°C to 70°C 

« Power supply voltage (Vpp to Vss): 0 V to 6 V 

: Input or output voltage applied: -0.3 V to (Vpp +0.3 V) 


Recommended Operating Conditions 
: Temperature: 0°C to 70°C 
- Power supply voltage: 4.75 V to 5.25 V 


« Power dissipation: 1.0 W (maximum) 


dc Electrical Characteristics 
The dc input and output parameters for the VIC are listed in Table 7. 


Table 7 » MicroVAX 78516 dc Input and Output Parameters 


Symbol — Parameter Test Conditions Requirements 
Min. Max. 

Vin High-level 2.0 aie 
input voltage 

4 a Low-level _ 0.8 
input voltage 

Vea High-level Ion =—-400 pA 2.4 —_ 
output voltage 

Van Low-level Io, =2.0 mA - — 0.4 
output voltage 

ae Input leakage 0< V.. < (V55-0.6 V) bee 30 
current 

Lie Output leakage OV. = (V5 0.6 V) —_ 30 
current 

Lee Active supply — 100 
current 

Via Open drain Io, =6.0 mA = 0.4 
pulldown 
low-level output 
voltage 
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Symbol — Parameter Test Conditions Requirements Units 
Min. Max. 
Mine Open drain Io, =25 mA — 0.4 V 
pulldown 
low-level output 
voltage 
ce Input capacitance — 15 pF 
C2 Output capacitance aes 20 pF 


‘Only one output may be shorted to either supply rail at one time and the duration of the short 
must be less than 2 seconds. 

This specification also applies to the open drain output on IAKEOP 

>All outputs floating, all inputs connected to either supply rail. The CLK input is fully swinging 
between both supply rails at 20 MHz. 

‘Applies only to the IRQ < 3:0> outputs. 

>Applies only to the RDY and IAKEON outputs. 


ac Electrical Characteristics 


Figure 16 shows the input signal and clock signal waveforms and the parameters are listed in Table 8. 





CLOCK INPUT 


bq tCW 
'CPH tCPL 


CLK 


INPUT SIGNAL 


Figure 16 « MicroVAX 78516 Input and Clock Signal Timing 
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Table 8 « MicroVAX 78516 Input and Clock Signal Timing Parameters 


Symbol Definition Requirements 
Min. Max. 
ta Input clock high 15 ns — 
tou Input clock low 15 ns 
cg Input clock period 50 ns — 
—_ Input signal rise — 15 ns? 
Pie Input signal fall — 15 ns? 


'V pp must be greater than or equal to 4.75 V during this period. 
?Measured between 10% and 90% levels. 


Figure 17 and 18 show the signal timing and symbols for a register read cycle and register write 
cycle, respectively, between the CPU and VIC. Figure 19 shows the signal timing and symbols for an 
interrupt acknowledge cycle when the VIC responds with a vector and when the external device 
supplies the vector. Figure 20 shows the timing and symbols for a daisychain configuration when 
the interrupt priority is not passed to the VIC and when it is passed to the VIC. Figure 21 shows the 
signal timing and symbols for the PIRQ input to IRQ output signal generation. It also includes the 
RESET input signal timing. Table 9 lists and defines the symbols and parameters used on the 
figures. The following notes apply to the table information. 





« (T) =input clock period (tey) 
« All units are nanoseconds (ns) except where indicated. 
« All times are specified with a 100-pF capacitive load on the outputs. 


« All times are measured at the 50 percent levels of the waveforms except where indicated. 
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Figure 17» MicroVAX 78516 Register Read Cycle Timing 
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Figure 18 « MicroVAX 78516 Register Write Cycle Timing 
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Figure 19» MicroVAX 78516 Interrupt Acknowledge Cycle Timing 


Confidential and Proprietary 1-103 


i 





SHSH080 


Symbol 


CaASH 
Caass 
tascs 
Casps 
CasH 
testy 
tprp 
Cprpx 
Cpsas 
tpss 
tpz 
tena’ 
traas 
Uipas 
Ciprp 


Ls IDmin 


Cupmax 


ton 
2 
Cprap 


trip 
CpmINn 


Upros 
trop 


trppimin 


trppimax 


trpyp 


1-106 


Preliminary 


Table 9 = MicroVAX 78516 Signal Timing Parameters 


Definition 


DAL<06:00> hold after AS assertion 
DAL<06:00> setup to AS assertion 

CSEL assertion after AS assertion 

DS assertion after AS assertion 

AS high after deassertion 

CSEL hold after AS deassertion 

RDY deassertion from DS deassertion 

XVEC deassertion from AS deassertion 

AS deassertion after DS deassertion 

DS setup before RDY assertion 

Read data high-impedance delay from DS deassertion 
RESET deassertion to VIC enabled internally 
TACK assertion after AS assertion 


IACK deassertion after AS deassertion 





IAKEO/IAKEOP deassertion from AS deassertion 


IAKEON/IAKEOP delay from IAKEI assertion (IAKEI 
asserted 7.5T or more after AS) 


IAKEO/IAKEOP delay from AS assertion ([AKEI asserted 
less than 7.5T more after AS) 


TAKEI hold after AS deassertion 
PIRQ assertion to IRQ assertion delay 


PIRQ deassertion to IRQ deassertion delay 
(applicable to level triggering only) 


PIRQ minimum assertion width 
(applicable to edge triggering only) 


PIRQ setup (proper level/edge) before AS assertion 
Read data delay from CSEL assertion 


Read data or XVEC delay from IAKEI assertion (IAKEI 
asserts 7.51 or more after AS) 


Read data or XVEC delay from AS assertion (IAKEI 
asserted less than 7.5T after AS) 


RDY delay from CSEL assertion 
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Requirements 

Min. Max. 

10 — 

15 —— 

— 1 us 

0 —_ 

1.5T — 

10 — 

— 45 

— 45 

0 ae 

30 — 

— 30 

5T +250 — 

io ki 2T + 30 

0 50 

— 60 

25 — 

— 8.5T+25 
100 

— 150 

90 — 

50 — 

6.5T 7.910425 

6T — 

oo 13.5T+25 

8.5T 9.5T +25 


djifgliftlall Preliminary 


Symbol 


Minimum RESET low time 


testi 
trrz 


CrypImin 


RDY delay from AS assertion ([AKE]I asserted less than 


try DImax 


tryps 
twesu 
twess 
twop 


tw DH 


'The VIC requires 5T +250 ns after RESET is deasserted to complete its internal reset. The AS 


Definition 


RESET assertion to DALs high impedance 


RDY delay from IAKEI assertion (IAKEI asserted 
7.5T or more after AS) 


7.5T after AS) 

DS deassertion from RDY assertion 

CS <2:0>, WR hold after AS assertion 
CS <2:0>, WR setup to AS assertion 
Write data delay from CSEL assertion 


Write data hold after DS deassertion 


signal should not be asserted until after this delay. 


?Maximum time is 100/150 ns unless a PIRQ line is asserted/deasserted during a read or IACK 
operation with the VIC. For this condition, the IRQS will assert/deassert for 100/150 ns after the 


completion of the read or IACK operation. 


Mechanical Configuration 


The MicroVAX 78516 is available as a 68-pin cerquad surface mount package or socket mount 


MicroVAX 78516 
Requirements 
Min. Max. 
200 us — 
— 100 
8T = 
— 15.5T+25 
0 ome 
10 a 
15 — 
3.51T-5 
20 — 


package. The physical dimensions of each package is contained in Appendix E. 
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Absolute Maximum Ratings 

Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 
reliability of the device. The functional operation of the device at these or other conditions greater 
than indicated is not defined. 


= Power supply voltage (Vp): -0.5 V to 5.5 V 

: Input or output voltage applied: Vs; -0.3 V to Vpp 0.3 V 
« Storage temperature (T;): -55°C to 125°C 

: Relative humidity: 10% to 95% (noncondensing) 


Recommended Operating Conditions 

= Power supply voltage (Vpp): 5 V +5% 

« Supply current (I,-) : 500 mA (maximum) 
» Operating temperature (T,): 0°C to 75°C 


dc Electrical Characteristics 


The de electrical characteristics of the MicroVAX 78532 for the operating voltage and temperature 
ranges specified are listed in Table 21. 


Table 21 = MicroVAX 78532 dc Input and Output Parameters 
Requiements 

Symbol Parameter Test Condition Min. Max. Units 

a High-level | 2.0 — V 
input voltage 

Vin Low-level — 0.8 V 
input voltage 

Van High-level i ere a 400yuA Z . 4 Nan V 
output voltage C, = 100 pF 


Ver Low-level Lae — 3 2 mA = 0 . 4 V 
output voltage C, = 100 pF 


V grap Low-level lor = 12.5 mA, — 0.4 V 
output open-drain C, = 100 pF 
voltage* 
RDY, ERR DMR, 
IRQ <3:0>, IRDY, 
TERR, IDMR 
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Requiements 

Symbol _ Parameter Test Condition Min. Max. Units 

| fe Input leakage 0<V<\V.. 10 10 yA 
current 

Ls Output leakage 0.4<V.<Vop -10 10 uA 
current 

Lec Active supply Le=0) 5,.20°C — 500 mA 
current 

on Input capacitance — 10 pF 


*Minimum pullup resistor=470 +5%. 


ac Electrical Characteristics 


The electrical characteristics for the signals used to control the information transfers to and from 
the MicroDMA are defined in the following paragraphs. The following notes apply to both the 
MicroVAX bus timing diagrams and the I/O bus timing diagrams and their associated tables. 


« The timing parameters are specified in terms of the clock (CLKI) period, where CLKI=tgp=P. 
P is nominally 25 ns. 


: All times are in nanoseconds except where noted. 


« ac characteristics are measured with a purely capacitive load of 100 pF. Times are valid for loads 
of up to 100 pF on all pins. 


+ ac high levels are measured at 2.0 V, and ac low levels at 0.8 V. 


- S=the number of slipped microcycles during a bus cycle. A MicroVAX bus microcycle is 
nominally 8P or 200 ns and the I/O bus microcycle is normally 4P or 100 ns. 


» N=the number of MicroVAX and I/O bus microcycles ina DMA transfer. N has a minimum value 
of 2. 


The following notes apply to the MicroVAX bus timing diagrams and their associated tables. 


- The sampling window is used to sample the RDY and ERR asynchronous signals. The RDY and 
ERR signals are qualified by the assertion of the AS signal. The effect of these signals on the 
current bus cycle is as follows: 

1. The bus cycle concludes at the end of the current microcycle if the RDY or ERR signal is 
asserted throughout the sampling window while the AS signal is asserted. 

2. If a transition of the RDY or ERR signals occurs during the sampling window while the AS line 
is asserted, the result is indeterminate. 

3. PS =Clock period (P) times slipped microcycles (S). 
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Figure 31» MicroVAX 78532 MicroVAX Bus Master Write Cycle Timing 


Table 23 = MicroVAX 78532 Bus Master Read and Write Cycle Timing Parameters 


Symbol Signal Definition Requirements (ns) 
Min. Max. 

eee DAL < 31:00> address setup time to AS assertion 2P — 28 _ 
tice DAL < 31:00 > address hold time after AS assertion 2P~15 “~ 
ee AS assertion to DBE and DS (read) assertion 3P-15 3P+20 
ta AS assertion to read data valid* 11P—30+8PS 
taspso. -—- AS. assertion to DS assertion (write) 5P—15 5P+20 
fica AS and DBE deassertion to busslave DAL< 31: 00> — 2P —20 

three- state 
tesa AS deassertion width 4P—25 
baw AS assertion width 12P—154+8PS 
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Symbol Signal Definition Requirements (ns) 
Min. Max. 
tcun AS assertion to beginning of RDY and ERR sample — 6P—45+8PS 
window 
Pee AS assertion to end of RDY and ERR sample window — 6P+10+8PS 
twa WR/BM < 3:00 >/CS<1> hold time from AS P—20 = 
deassertion 
Cains BM <3:00> setup time before AS assertion ~2P—25 — 
fcsice DBE assertion width 9P—20+8PS — 
tone DAL < 31:00 > write data setup time to DS assertion — 3P—30 
ticce DS deassertion to AS and DBE deassertion P—15 
fs DAL < 31:00> read data hold time after DS 0 oa 
deassertion 
taepi DS assertion to DAL< 31:00> read data valid — 8P—35+8PS 
ee DAL < 31:00 > write data hold time from DS — 3P—20 
deassertion 
eee DS deassertion to bus slave DAL < 31:00> three-state — 3P—20 


on read bus cycles 


tice DS deassertion width (read) 8P—50 a 

bsaa DS assertion width (read) 8P—20+8PS — 

tospwo DS assertion width (write) 6P—20+8PS — 

team RDY internal sample window end to DAL<31:00> — 5P-25 
read data valid 

one WR and CS<1> setup time before AS assertion 3P—35 — 


*Read data is valid if tysp: Or tpsp, Conditions are satisfied. 
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Figure 39 = MicroVAX 78532 I/O Bus Slave Write Cycle Timing 


Table 28 » MicroVAX 78532 I/O Bus Slave Read and Write Cycle Timing Parameters 


Symbol Signal Definition Requirements (ns) 
Min. Max. 

tispsrz_ Required IAS assertion to IDS assertion delay (read 3P-30 3P4+25 
cycles) 

trspsw Required IAS assertion to IDS assertion delay (write 5P-25 5P+25 
cycles) 

tice TAS deassertion width 2P +25 — 

acco IAS deassertion to IRDY/IERR deassertion — 100 

fas IBM <3:0> setup time before IAS assertion P—25 — 


tipppr = IDAL < 31:00> data hold time after IDS deassertion 0 — 


(slave reads) 


tippxw Required IDAL<31:00> hold time after IDS deas- 35 — 


sertion on MicroDMA bus-slave writes 


tiosw Required IDAL< 31:00> setup time before IDS deas- 20 a= 


sertion on MicroDMA bus-slave writes 


tipsass Required IDS deassertion to IAS deassertion delay = P—20 — 


amma htstoO 
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Symbol Signal Definition Requirements (ns) 
Max. 


Min. 
eee IDS deassertion to IDAL< 31:00> three-state = 
tisk Required IDAL < 31:00 > hold time after IAS assertion 35 


aan IRDY assertion to IDAL < 31:00> data valid for P+35 
MicroDMA bus-slave reads 


Po Required IDAL<31:00> setup time before IAS 15 
assertion 


ee IWR/IBM < 3:0> hold time after IAS deassertion P—25 


tars IWR setup time before IAS assertion 3P—50 


I/O Bus DMA Cycle 


Figure 40 is a timing diagram for the I/O bus DMA cycle. Table 29 lists 1/0 bus DMA cycle timing 


parameters. 
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Figure 40» MicroVAX 78532 I/O Bus DMA Cycle Timing 
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Table 29 = MictoVAX 78532 I/O Bus DMA Cycle Timing Parameters 


Symbol Signal Definition Requirements (ns) 
| Min. Max. 
Gig Assert IDMG to IAS/IDS/TWR/IDBE/IBM<3:0> — 40 
three-state 
tis IDAL < 31:00 > three-state to assert IDMG — 2P+5 
Cine Asserted IDMR (internal) sample window end to 6P * 
IDMG assertion 
tase TAS and IDBE deassertion to IDMG assertion 4P—25 = 
toa Asserted IDMG (internal) sample window end to [AS — 10P+35+4PKt 
assertion 
— Asserted IDMG (internal) sample window end to — 9P+45+4PKt 


IBM < 3:0> assertion 
tiocwp -~Deassert IDMR to TAS/IDS/IWR/IDBE/IBM<3:0> — 3P +35 








three-state 

tines IDMG deassertion to IDMR reassertion 2P+10 — 

ae Deasserted IDMR (internal) sample window end to — 2P +40 
IDMG deassertion 





*Maximum value determine by latency specifications. 
TK = The number of microcycles (0, 1, 2, 3, 4) that the sequencer is busy. 


1/O Bus Transfer Request 
Figure 41 shows the I/O bus transfer request signal timing and Table 30 list the timing parameters. 


— Ns 
TRA 


IAS 





Figure 41 » MicroVAX 78532 1/O Bus Transfer Request Timing 
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Many system design requirements and options are included as integral parts of the chip. A high- 
performance processor using a four-level prefetch pipeline, resident memory management, 
floating-point arithmetic, console octal debugging technique (ODT), microdiagnostics, and clock 
generation provide efficient system functionality in a single package. The orthogonal instruction 
set allows fast and efficient programming to minimize development time and cost. The DCJ11 
combines leadership system functionality with complete system software, a highly integrated 
design, and low-power consumption to allow new classes of microprocessor applications. A block 
diagram of the DCJ11 is shown in Figure 1. 


- Signal and Pin Descriptions 


The input and output signals and the power and ground connections for the DCJ11 60-pin DIP are 
shown in Figure 2 and defined in Table 1. These signals are briefly described in the table and a more 
detailed description of the signal functions is contained in the following paragraphs. The system 
interface refers to the user’s application of the DCJ11 and must be capable of providing or receiving 
these signals. 




















TEST 1 q 1 DAL 06 
AlO 0 G2 DAL 07 
AlO 1 q 3 DAL 08 
AlO 2 14 DAL 00 
AlO 3 5 DAL 09 
PWRF 16 DAL 10 
FPE 17 DAL 11 
EVENT lg DAL 12 
HALT q9 DAL 13 
IRQO DAL 14 
IRQ 1 DAL 15 
IRQ2 DAL 01 
IRQ3 DAL 02 
PARITY DAL 03 
GND Voc 
Voc GND 
BS 0 DAL 04 
BS 1 DAL 05 
MAP DV 
ABORT BUFCTL 
DAL 21 ALE _ 
DAL 20 STRB 
DAL 19 SCTL 
DAL 18 XTALO 
DAL 17 XTALI 
DAL 16 CLK 
DMR CLK2 
MISS INIT 
PRDC CONT 
NOT USED TEST2 


; TOP VIEW 


Figure 2+ DCJ]11 Pin Assignments 
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Pin 


21-26, 
43-44, 
47-60 


17-18 


19 


2-5 


40 


41 


38 


by 
27 


20 


28 


42 
32 
v7 


10-13 


Signal 


BS<1:0> 


MAP 


AIO < 3:0> 
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Table 1» DCJ11 Pin and Signal Summary 


Input/Output 
DAL < 21:00 > input/output’ 


output’ 


output’ 


output! 


output’ 


output’ 


output! 


output’ 


output’ 


input/output! 


input! 


input’ 
input’ 


input’ 
input! 
input! 


input’ 
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Definition/Function 


Data/address lines—Time-multiplexed data and 
address bus. 


Bank select—These time-multiplexed signals define 
the type of physical address on the data/address bus, 
and indicate if either a cache memory bypass or a force 
miss occurs. 


Map—This time-mulitiplexed signal indicates if the 
I/O map is enabled or if a DMA grant occurs. 


Address input/output— These signals indicate the type 
of transaction currently being executed, i.e., read, 
write, or IACK. 


Address latch enable—Latches addresses, AIO codes, 
map enable signals, and the BS control signals. 


Buffer control—Indicates the direction of data on the 
DAL bus. The line is active (low) when the DCJ11 is not 
driving to the DAL bus. 


Stretch control—Identifies the extended portion of 
stretched cycles. The edges can be used to strobe data. 


Strobe—General purpose strobe signal. 


Predecode strobe—Indicates when the prefetch buffer 
is being decoded as the next macroinstruction. 


Abort—Indicates that an abort condition exists, i.e., a 
memory management or address error, bus timeout, 
nonexistent memory, or parity error. 


Miss—Reports the hit or miss status of the current 
cache memory entry lookup. 


Data valid—Set to latch data into the DCJ11. 
Continue—Used to terminate all extended cycles. 


Direct memory access request— Used to force a current 
cycle to be extended. 


Interrupt Request <3:0>—Four maskable interrupt 
request lines. 


Halt—A low-priority nonmaskable interrupt that 
forces the system into console mode. 


Event—A maskable interrupt that forces a trap 
through vector location 100. 
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1080 


Figure 3 shows the input and output signals grouped according to signal function. 


INTERRUPTS 


DATA CONTROL 


BUS ERROR | 


DMA CONTROL 
CACHE CONTROL 
INITIALIZE 


CLOCK INPUT | 


Data and Address Bus 


IRQO 
IRQ3 
PRP 
FPE 
EVENT 
HALT 








Preliminary 


DAL <00> 


DAL <15> 
DAL < 16> 


DAL <21> 
AIO 0 
AIO 3 


Figure 3 = DCJ11 Signal Functions 


DCJ 


DATA/ADDRESS 


ADDRESS I/O 


BANK SELECT 


DATA CONTROL 


CLOCK OUTPUT 


Data and address bus (DAL < 21:00 > )— The data and address bus consists of 22 time-multiplexed 
data and address lines. The basic bus consists of DAL < 15:00> and is bidirectional. The extended 
bus consists of DAL<21:16> and is used for outputs only. During the first half of each 
transaction, the DCJ11 provides either a physical address, the acknowledged interrupt level or a 
general purpose code. The physical address can use all 22 bits of the bus. The acknowledged 
interrupt level uses DAL <03:00> and the general purpose code uses DAL < 07:00 >. During the 
second half of the transaction, the DCJ11 transmits or receives data on the basic bus 
(DAL< 15:00>). The extended bus lines (DAL < 21:16 >) are driven with test information when 
the BUFCTL signal is asserted. The data being transmitted or received depends on the type of bus 
transaction being performed and is described under bus operations. 
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Memory Management Register 0 

The memory management register 0 (MMRO) provides memory management register control and 
records status. The format of the information in the MMRO is shown in Figure 14 and the function 
of the information is described in Table 14. 


14 13 


15 12 11 10 09 08 07 06 05 04 03 00 


ABORT READ-ONLY | 
ACCESS VIOLATION 


ABORT PAGE 
LENGTH ERROR 
PAGE MODE PAGE NUMBER 
ABORT 
NON-RESIDENT PAGE ADDRESS 
SPACE 1/D ENABLE RELOCATION 


Figure 14 «= DCJ11 Memory Management Register 0 Format 


Table 14 = DCJ11 Memory Management Register 0 Description 
Bits* Description 


15 Abort nonresident—Set by attempting to access a page with an access control field key 
equal to 0 or 2. It is also set by attempting to use memory relocation with an illegal 
processor mode (PSR 15:14 =2). 


14 Abort page length error—Set by attempting to access a location in a page with a block 
number (virtual address bits 12:06) that is outside the area authorized by the page length 
field of the page descriptor register for that page. 


13 Abort read-only access violation—Set by attempting to write in a read-only page. Read- 
only pages have access keys of 1. 


12:07 Not used. 


06:05 Processor mode—A read-only bit that indicates the processor mode kernel/supervisor/ 
user/illegal associated with the page causing the abort (kernel=00, supervisor =01, 
user = 11, illegal = 10). If the illegal mode is specified, an abort is generated and bit 15 is 


set. 
04 Page space—A read-only bit that indicates the address space (I or D) associated with the 


page causing the abort (0=I space, 1=D space). 


03:01 Page number—Read-only bits that contain the page number of the page causing the | | 
abort. 


00 Enable relocation—When set, all addresses are relocated. When cleared, memory 
management is inoperative and addresses are not relocated. 


* All bits can be read or written except as indicated. 
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- Interrupts and Traps 


The DCJ11 provides a set of trap, hardware, and software interrupt facilities. Four interrupt request 
lines allow the external hardware to interrupt the processor on four interrupt levels using an 
externally supplied vector. Eight levels of software interrupt requests are supported through use of 
the PIRQ register. Internally vectored traps are provided to flag error conditions. Table 17 identifies 
the DCJ11 asynchronous interrupts. The synchronous interrupts are listed in Table 18. The 
execution of a HALT instruction may cause different operations depending on the halt options 
determined during powerup and on the mode of operation. 


In kernel mode, a halt option of 1 causes an illegal halt abort if the HALT instruction is executed. 
Bit 7 of the CPU error register is set and a trap is forced through vector 4. If the halt option is 0, 
execution of the HALT instruction places the system into console mode. Execution of the HALT 
instruction in user or supervisor mode causes an illegal halt abort. 


The halt line usually has the lowest priority; however, it has highest priority during vector reads. 
This is to allow the user to break out of potential infinite loops. An infinite loop could occur if a 
vector has not been properly mapped during memory management operation. 


The DCJ11 also responds to conditions that result in an abort of the current operation. Aborts can 
be generated externally or internally to the DCJ11. During an abort condition, the DCJ11 generates 
a vector address to select a service routine similar to an interrupt and trap condition. It responds 
immediately to the abort rather than waiting for the end of the current microcycle. The ABORT 
signal is asserted during the first half of the stretched cycle to indicate an internal abort condition. 
The internally and externally generated abort conditions are listed in Table 17. 


Table 17 » DCJ11 Asynchronous Interrupts and Traps 





Vector Priority 
Interrupt Location Address Level* 
Red stack trap (CPU error register bit 02)! Internal 4 NM 
Address error (CPU error register bit 06)! Internal 4 NM 
Memory management violation (MMRO bits 13:15)! Internal 250 NM 
Timeout/nonexistent memory (CPU error register Internal 4 NM 
bits 04,05)! 
Parity error (PARITY, ABORT)? External 114 NM 
Trace (T bit) Trap (PSW bit 04) Internal 14 NM 
Yellow stack trap (CPU error register bit 03) Internal4 NM 
Powerfail (PWRF) ~~ External 24 NM 
FP exception (FPE) External 244 NM 
PIR 7 (PIRQ bit 15) Internal 240 7 
IRQ 7 External User- d 


defined 
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Interrupt 

PIR 6 (PIRQ bit 14) 
EVENT 

IRQ 6 


PIR 5 (PIRQ bit 13) 
IRQ 5 


PIR 5 (PIRQ bit 12) 
IRQ 4 


PIR 3 (PIRQ bit 11) 
PIR 2 (PIRQ bit 10) 
PIR 1 (PIRQ bit 09) 
Halt line (HALT) 


*NM = Nonmaskable 
1 ABORT 
?— INTERRUPT or ABORT 


Preliminary 


Location 
Internal 
External 


External 


Internal 


External 


Internal 


External 


Internal 
Internal 
Internal 


External 


Table 18 » DCJ11 Synchronous Interrupts 


Interrupt 


Memory Management 


FP instruction exception (FPS bits 11:08,15) 


PIRQ 

Memory Parity Error 

TRAP (trap instruction) 

EMT (emulator trap instruction) 
IOT (I/O trap instruction) 

BPT (breakpoint trap instruction) 


Timeout and reserved instruction 


Vector 
Address 


250 
244 
240 
114 
34 
30 
20 
14 
4 
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Vector 
Address 


240 
100 


User- 


defined 
240 


User- 


defined 
240 


User- 
defined 


240 
240 
240 


DCJi1 


Priority 
Level* 


2 
1 


None—Places sys- 
tem in console mode. 
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| TO T1 |T2 T3 T4 T4 [T4 T4 | 14 | T5 T6 T7 






SYSTEM i ar ae 


« [mE a ——s se tg («a 


> COPS 
STRE ll] a 


\ os 
asa =F QUEST + 
om =SC li] CNN a i 


eee ee 
BUFCTL i ee Mh 


i" opp 





AlO CODE 





Figure 18 » DCJ11 Stretched Non-I/O Timing Sequence 


Bus Read Transaction 

A bus read transaction shown in Figure 19 uses the DAL bus to read information from memory, I/O, 
and other addressable registers. These transactions may be instruction stream read, data stream 
read, or the read portions of read-modify-write. The type of read transaction being performed is 
identified by the AIO code. The DCJ11 reads words and if a byte is required, the complete word is 
read and the excess byte is ignored. 

The DCJ11 reports memory management or address errors on the ABORT output during the 
nonstretched portion of the transaction. If the ABORT signal is asserted, the information on DAL, 
BS <1:0>, and MAP lines should be ignored and the bus transaction should not be started. 





The read transaction is initiated by the assertion of ALE. This signal latches the AIO code, the 
physical address on DAL bus, the BS<1:0>, and the MAP (I/O map enable) signal. The DCJ11 
latches the data on the rising edge of the T3 during a nonstretched transaction. A bus read is 
completed in four periods when all of the following conditions exist. 


«= BS<1:0> set to zeros (memory reference) 
« No cache bypass 

« No cache force miss 

«= No DMA grant 

- No abort during a demand read 


* No cache miss reported on MISS 
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DMA Request and Grant Transaction 

When the external system requests the use of the DAL bus or wants to stall the DCJ11, it asserts the 
DMR input. This disables the DCJ11 from the DAL bus and causes a stretched transaction. The 
DMR input is acknowledged after the I/O map information is on the MAP output. The DMR input 
is the DMA request and the MAP output is the DMA grant. These signals should be recognized 
during NOP or read transactions. The write transactions stretch beyond four periods and the DAL 
bus may contain write data. The DMA transfer stretches the transaction beyond eight periods by 
two period increments, until the DCJ11 receives the CONT signal to end the transaction. 














Interrupt Acknowledge 

The interrupt acknowledge transaction is used to acknowledge an interrupt request received 
through the IRQ<3:0> inputs. The vector address specified can be an internal predesignated 
address or an external address received on the DAL bus. The decoded interrupt level acknowledged 
is sent on the DAL< 03:00 > lines at the beginning of the transaction. The DAL < 21:16 > lines are 
set to one and DAL bits < 15:04> are set to zero. 


The interrupt acknowledge transaction shown in Figure 24, is initiated by the assertion of the ALE 
line that latches the AIO code and the acknowledged interrupt level. The transaction requires eight 
periods to read the vector address and can be stretched in two-period increments until the CONT 
input is asserted. The DV input is asserted to latch the interrupt vector address while the SCTL 
signal is asserted. An interrupt acknowledge cycle can be aborted during the stretched part of the 
cycle if the ABORT signal is asserted by external logic. The DCJ11 does not assert ABORT during 
the first part of the interrupt acknowledge cycle. If the abort occurs, the DCJ11 ignores the 
interrupt request and continues executing. 


tPA pet ae 
D Es c— See ERA 


te ae 





b 
- 


Sa eek | 


it Te rer 


iit tae are = 
cre \\\\ il} 


BUFCTL | ae ts) Pt HLL) 
STL oo ™ 


| oe a 
OV a | aol 


Figure 24 = Interrupt Acknowledge Cycle Timing Sequence 
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Table 31 = DCJ11 dc Input and Output Parameters 


Parameter 


High-level 
MOS input 


Low-level 
MOS input 
High-level 
TTL input 
Low-level 
TTL input 
Input-leakage 
current 

non- Test inputs 
Input current 
Test inputs 


Output current 
at high level 
Output current 
at low level 
Output current 
at high TTL 
level 

High level 
sustainer 
current 

Low level 
sustainer 
current 

Output leakage 
current’ 

Static power 
supply current? 
Input only 
capacitance’ 


Test 
Condition 


0OVE=VI=Ve 


VecH9.2) V 
Vin=0 V 


Vcc). 2) V 


Vouk = Veg -0.4 V 


Vou 0.4 V 


Vour=2.4 V 


V oe — N ce = 1.0 V 


Neg= 5.25 V 
Veue= 1.0 V 


Nee _ > 2) V 


0OV2Z=VO 2Vec 
Veco =5.25 V 


Vee = 5.25 V 
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Requirements 
Min. Max. 
10% Veg — 
— 30% Vec 
22 — 
= 0.6 
-10 10 
0.1 5.0 
— -2.0 
2.0 — 
-2.0 — 
-0.2 -0.6 
0.2 0.6 
-10.0 10.0 
— 20.0 
— 7.0 


Units 


5 


DCjJ11 





Test 

Circuit 
CLEC2 
CL€2 
C1i,C2 


C1,C2 


C3,C4 


C5 


Cl 


Ci,C2 


C2 


C6 


C6 


C8,C9 


C7 
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Symbol Parameter Test Requirements Units Test 
Condition Min. Max. Circuit 
on Input/output | — 15 pF 
capacitance’ 
OFF Output oon 15 pF 
capacitance’ 
Ci. DCJ 11 capacitance — 100 pF 
plus external 
capacitance 


‘Applies only in the high-impedance condition. 
*With TEST1, TEST2, and all outputs open circuit. All other inputs equal to Vc. 
>Sampled and guaranteed, but not tested. Does not apply to TEST1 or TEST2. 








Table 32 = DCJ11 dc Signal Test Summary 














Type Name | Applicable dc Test 
TTL input IRQ <3:1>, HALT, PWRE EVENT, PARITY a | a 2 
DV, MISS, CONT, DMR, INIT and FPE 
TTL output DAL< 21:16>, AIO<3:0>, ALE, BUFCTL, Tous Lour, Loz 
SCTL, STRB, BS <1:0>, MAP and PRDC 
MOS input TEST1 and TEST2 View Ins Tnx 
MOS output CLK and CLK2 | | Ben ae be 
TTL I/O ABORT™* Vir» Lor, Tour, 
| Io; los 
TTLI/O DAL < 15:00 > Vint» Vint; Tou 
Tout, Ioz 
Power Vee lecss 


*ABORT must be driven with an open-collector driver because the DCJ11 has a pullup device that 
supplies Iggy. 


ac Electrical Characteristics 


The timing references and signal parameters of the DCJ11 are shown in the following figures and 
tables. Figure 30 shows the input and output voltage waveform characteristics. The test conditions 
used to perform the ac measurements follow: Figure 33 shows the output load circuits referenced 
on the tables and used to perform the output measurements. 
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90% 
CLK 
10% 7 
: Tr-> TF —> K-ToLkL 
|-——TpcvcLe——> aa TPCLKH 
CLK2 ) | 
TprF —+| [* TPCLKL 
Figure 33» DCJ]11 Clock Output Timing Waveforms 
Table 33 » DCJ11 Clock Output Timing Parameters 
Requirements (ns) Load 
Symbol Parameter 15 MHz 18 MHz Circuit’ 
Min. Max. Min. Max. 
fie INIT pulse width 10-clock — 10-clock — 
periods periods 
bectings Initialization interval 300 — 250 — 
fevers CLK cycle time 67 — 55 — Load C 
tervi CLK high width 28 — 24 _ Load C 
tess CLK low width 28 a 24 — Load C 
tr CLK rise time — 7 _ 7 Load C 
te CLK fall time — 7 — 7 Load C 
teeveie CLK2 cycle time 67 — 55 — Load B 
teckn CLK2 high width 28 =a 24 —_ Load B 
tant CLK2 low width 28 _— 24 — Load B 
tag CLK2 rise time — 7 — 7 Load B 
oe CLK2 fall time — 7 — y Load B 


‘Refer to Figure 31 for output load circuits used for the timing measurements. 
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Table 34 = DCJ11 Nonstretched Bus Read Timing Parameters 


Requirements (ns) Load 
Symbol Parameter 15 MHz 18 MHz Reference Circuit! 
Min. Max. Min. Max. 
tuo AIO<3:0>delay — 100 — 82 °#&£T-15  LoadB- 
toan DALvaliddelay =©-— 65 — 55. T-1,T15 LoadB~ 
tun DALvalidhold 5 — 5S —  TLS5,T3 LoadB~ 
ee DAL output disable — 35 _ 25 TiS Load A 
tomrs DMR setup’ 30 —_ 20 a TO 
tomren DMR hold? 20 — 20 — TO 
a DAL<15:00> setup 35 zs 20 = T3 
ton DAL < 15:00> hold 5 no 10 a T3 
tans MISS setup 30 — 20 _ T3 
tun MISS hold 10 a 10 — T3 
tei, PRDC valid delay — 50 _ 50 TO Load B 
a PRDC inactive delay — 50 — 50 2 Load B 
tes Strobe active delay 0 35 0 oP Table 38 LoadB 
ta Strobe inactive delay 0 5S: 0 35 Table 38 LoadB 


Refer to Figure 31 for output load circuits used for the timing measurements. 
The setup and hold signal requirements ensure the recognition of the next sample point. 
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Table 35 » DCJ11 Stretched Bus Read and Write Timing Parameters 


Symbol Parameter 


Carop 
tents 
tontH 
tpaLp 
tpaLy 
tots 
tpmrs 
_tpmru 
tpvpH 
tpvps 
Upve 
tovx 
tpvs 
tpvw 
tpp 
trip 
tsp 


tsp 


AIO <3:0> delay 
CONT setup? 
CONT hold? 

DAL valid delay 
DAL valid hold 
DAL output disable 
DMR setup? 

DMR hold? 

DAL < 15:00> hold 


DAL< 15:00> setup 


DV fall time 

DV deassertion 

DV deassertion 

DV pulse width 
PRDC valid delay 
PRDC inactive delay 
Strobe active delay 


Strobe inactive delay 


Requirements (ns) 


15 MHz 
Min. 


30 
20 


eoncnaceane, 


2 
30 
20 
a2 
35 


0 
35 


ST cmnemamel 


0 
0 


Max. 


715 


65 


seca 


be 


18 MHz 
Min. 

20 

20 


) 
20 
20 
2) 
25 


0 
25 


Max. 


82 


D> 


25 


50 
50 
23 
22 


'Refer to Figure 31 for output load circuits used for the timing measurements. 
?The setup and hold signal requirements ensure the recognition of the next sample point. 
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DCJ 
Load 
Reference Circuit! 
T-1.5 Load B 
135 
T+3:5 
T-1,T1.5 LoadB | 
T1.5,T3 LoadB 
T 1.5,T4 LoadA 
TO 
TO 
DV deassert 
DV deassert 
T6.5 
T4 
TO Load B 
T2 Load B 
Table 38 LoadB 
Table 38 Load B 
1-317 
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Table 36 « DCJ11 GP Read and Write Timing Parameters 


Requirements (ns) | Load 
Symbol Parameter 15 MHz 18 MHz Reference Circuit’ 
Min. Max. Min. Max. 
vee ABORT delay 0 a 0 es 
tans ABORT drive 30 aa 20 T-2.5 
baw ABORT width 40+ tans = AO 4 tipee 
tuon AIO<3:0>delay — 100 — 82 T-15 LoadB- 
tenes CONT setup’ 30 — 20 — T-3.5 
tontH CONT hold 20 — 20 _— T-3.5 
toan  DALvaliddelay — 65  4— 55. T-1,TLS LoadB~ 
touan DALvalidhold =5 — 5S —  TL5,T3 LoadB- 
te, DAL<15:00>hold 5 #— 10 — 73. | 
tie DAL output disable — 35 25 — T1.5,T4 LoadA 
tomes DMR setup? 30 — 20 —_ TO 
tomry DMR hold? 20 an 20 — TO 
fs DAL<15:00> setup 35 ann 20 — T3 
tovoen DAL<15:00> hold 35 = 25 = DV deassert 
tavse DAL<15:00> setup 35 — 25 — DV deassert 
Cave DV fall time — 15 mo 15 
tava DV deassertion — 0 — 0 T6.5 
tive DV deassertion 0 —~ 0 — T4 
tie DV pulse width 35 — 25 
ae MISS setup 30 —_ 20 — T3 
tum MISS hold 10 a 10 = T3 
a PRDC valid delay — 50 — 50 TO Load B 
ties PRDC inactive delay  — 50 — 50 ay Load B. 
tip  Strobeactivedelay 0 35 OF 35 Table38 LoadB~ 
fans Strobe inactive delay 0 35 0 35 Table 38 Load B 


‘Refer to Figure 31 for output load circuits used for the timing measurements. 
?The setup and hold signal requirements ensure the recognition of the next sample point. 
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T2/T6 13/77 T T4 T4 T4 T4 T4 T4 T5 Té T7 To 
CLK 
SS Bes ae 
o ae See Ae 
ee es Ot ee 
ia me eeee 
i om ees as 
bes OMG Se 
san Rae eee RE ee A GY 
_ ne ptr 
en eae 
as EN Tae > 
= aes i ae 
ALE i | 
| ) je} | 
SCTL | NS | 
a ee eee Se eee eee ee 
aaa | = TCNTS —p ABW | 
CONT tip | pte ie 
| je ‘SD ‘sip 
BUFCTL | | | Fa 
| INTERRUPT -~* | 
VECTOR 
: (SLOW) 
DAL <3 XxX | a XM ie a> 
DVDS t 
INTERRUPT INTERRUPT VECTOR i | DVDH 
ey LEVEL (FAST) ae je tov 
| tovF 
tovs- 
Figure 39 = DCJ11 Interrupt Acknowledge Timing Sequence 
TO T1 T2/T6 arene ee 7 TO 
CLK | 
'sVCS p— 
IRO<3:0> 
ee tate ee Bee 
FPE, EVENT 
PARITY 





Figure 40 = DCJ11 Interrupt Timing Sequence 
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Table 37 = DCJ11 Interrupt and Acknowledge Timing Parameters 


Symbol Parameter 


tapp 
taBs 
tanw 
tarop 
tents 
tentH 
tpaLp 
tpaLn 
tpis 
tpmrs 
tpmrH 
tps 
tpvpH 
tpvps 
tpvr 

| tovu 
tpvs 
tovw 
tums 
tumy 
Upars 


tpaRH 


tsip 


ABORT delay 
ABORT drive 
ABORT width 

AIO <3:0> delay 
CONT setup’ 
CONT hold 

DAL valid delay 
DAL valid hold 

DAL output disable 
DMR setup’ 

DMR hold? 

DAL < 15:00> setup 
DAL< 15:00> hold 
DAL < 15:00> setup 
DV fall time 

DV deassertion 

DV deassertion 

DV pulse width 
MISS setup 

MISS hold 

PARITY setup 
PARITY hold? 


Strobe active delay 


Strobe inactive delay 


Requirements (ns) 


15 MHz 
Min. 

0 
30 


30 
20 


30 
20 
35 
35 
35 


35 
30 
10 
20 
20 


Max. 


100 


65 


a> 


35 
35 


18 MHz 
Min. 


0 
20 


40 + tciKH 


20 
20 


20 
20 
20 
aD 
25 


25 
20 
10 
a2 
22 
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Max. 


82 


a5 


25 


50 
50 
35 
a2 





Reference 


T-2.5 


T-1.5 
T-3.5 
T-3.5 

T-1, T1.5 
T13;,13 
T15, T4 
TO 

TO 

T3 

DV deassert 
DV deassert 


T6.5 
T4 


T3 

T3 
Figure 39 
Figure 39 
TO 

i 

Table 38 
Table 38 


DCJ11 


Load 


Circuit! 


Load B 


Load B 
Load B 
Load A 


Load B 
Load B 
Load B 
Load B 
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Requirements Load 
Symbol Parameter 15 MHz 18 MHz Reference Circuit’ 
Min. Max. Min. Max. 
taics IRQ <3:0>, HALT, 20 — 22 — Figure 40 
PWRE, FPE, EVENT 
setup” 
tsvey «= IRQ<3:0>,HALT, 20 — 22 — ___ Figure 40 
PWRE, FPE, EVENT 
hold? 


'Refer to Figure 31 for output load circuits used for the timing measurements. 
?The setup and hold signal requirements ensure the recognition of the next sample point. 


Table 38 = DCJ 11 t,,, and t,,,, Parameter References 





Signal ts» Reference Edge tsin Reference Edge 
ALE T0.5 T3 
STRB Tt TO 
BUFCTL TL.5, first T4 1314 
SCTE 7 Second T4 or T5. T-2 
BS T-0.5, T1 
MAP TLS 
ABORT T-0.5 
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DC319-AA DL11 Compatible 
Asynchronous Receiver/Transmitter 





Features 


« Hardware compatible with Digital’s DL11 series of interfaces 
: Asynchronous operation | 

* Overrun and framing error detection and break detection 

- Compatible with both 8- and 16-bit data paths 

- Internal baud rate generation from 300 baud to 38.4k baud 

- Four realtime clock interrupt outputs. 

= One stop bit only 

= Common baud rate for both transmitter and receiver 

: Single 5-volt power supply 

= Single TTL clock | 


Desciption 


The DC319-AA is a Digital Link (DL11) compatible, asynchronous receiver/transmitter (DLART) 
designed for data communication between Digital’s microprocessors and console terminals or 
communication devices. The DC319-AA, fabricated using N-channel MOS silicon technology, is 
contained in a 40-pin dual-inline (DIP) package that can be conveniently installed on a micropro- 
cessor module or interface module. Figure 1 is a block diagram of the DC319-AA DLART. 










DAL<15:0> | Ea 
| DATA Ea 
——) BUFFER gd 
; 16 seme | 
| INTERNAL | 
DATA BUS | _- aa 
A2 | MAINTENANCE 
Al 
AO RECEIVER 
cs Cl REGISTER BRK IRQ 
_ | ACCESS 
RD Cy CONTROL 
WLB O 
INIT 
teeth SHIFT REG {i 
(P’==5) 
TRANS- 
rh MITTER ao 
aa 0 CONTROL 
a | BAUD 
BRS2 CO ORATE } 76.8KHZ 
See CONTROL 
BRS1——+Q] Sante 
60 HZ 
BRSO O 50 HZ 





Figure 1 » DC319-AA DLART Block Diagram 
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Chipkit Description—The following LSI-11 chipkits are available and contain the components 


listed. 


* DCK11-AA Program Control Bus Interface Chipkit 
1 DCO03 Dual-interrupt Logic © 
1 DC004 Register Selector Logic 
4 DC005 4-bit Transceiver Logic 


- DCK11-AB Designer’s Program Control Bus Interface Chipkit 
1 DCO03 Dual-interrupt Logic 
1 DC004 Register Selector Logic 
4 DC005 4-bit Transceiver Logic 
1 W9512 Double-height, wire-wrappable module 
1 BCO7-D 10-foot, 40-conductor, plug-in cable 


* DCK11-AC DMA Bus Interface Chipkit 
1 DCO03 Dual-interrupt Logic 
1 DCO004 Register Selector Logic 
4 DC005 4-bit Transceiver Logic 
2 DC006 Word count/Bus Address Logic 
1 DCO10 Direct Memory Access Logic 


1 W9512 Double-height, wire-wrappable module 


» DCK11-AD Designer’s DMA Bus Interface Chipkit 
1 DCO03 Dual-interrupt Logic 
1 DCO04 Register Selector Logic 
4 DC005 4-bit Transceiver Logic 
2 DC006 Word Count/Bus Address Logic 
1 DCO10 Direct Memory Access Logic 
1 W9512 Double-height, wire-wrappable module 
1 BCO7-D 10-foot, 40-conductor, plug-in cable 


UNIBUS Devices 


The UNIBUS is an asynchronous bus used with the PDP-11 and VAX processors. The UNIBUS 


devices facilitate the development of the bus interfaces. 


DC013 UNIBUS Request Logic—The DC013 is a 16-pin DIP device that contains the logic required 


to perform bus requests and to gain control of the UNIBUS. 


DC021 Octal Bus Transceiver—The DC021 is a 20-pin DIP device that contains eight bus 
transceivers used to transfer information between the UNIBUS and a user-developed interface. 


Confidential and Proprietary 


dio} ita Preliminary VAXBI 78743 


Pin Signal Input/Output Definition/Function 

D12 II PBAD output II Parity bad—Indicates that the parity is not 
valid during data transfers to and from the 
BIC. 

J14 IIT DMA PGOVF output II DMA page overflow—lIndicates that the 
DMA address register is full. 

J13 IIMAP PGOFV | output II Map page overflow—lIndicates that the 
MAP address register is full. 

N14 II DMA INC ENA input II DMA increment enable—Allows the mas- 
terport DMA address register to be incre- 
mented. 

M13 II MAP INC ENA input II Map increment enable—Allows the master- 
port map address register to be incremented. 

L3,C10,A14,M11 Ve, input Voltage—Power supply voltage. 

P1,C12 Van output Voltage—Back-bias voltage. 

C4,C7,C8,F3 GND input Ground—Ground reference. 


G3,J3,K3,K12, 
K14,L12,M7,M8, 
N12 


II Data (II D< 31:00 > )—Bidirectional data lines that connect to a transparent input latch. The 
latch is controlled by the IT DS signal. The three-state drivers are enabled by the IT OE input. 


II Parity (II P< 3:0 >)—Parity bits associated with each of the four bytes on the II D< 31:00> 
lines. Valid byte parity must be generated by the user and loaded into the BCAI on lines II P< 3:0 > 
when transferring data, addresses, or command/mask/status information into the BCAI. When 
loading 4-bit command/mask/status information, the parity generated must be for the complete 
byte, including the zeros in the unimplemented portion of the byte. The BCAI also generates parity 
for data loaded into the BCAI from the BIIC and compares the parity it generates to the BCI PO bit. 
The IT PBAD line is set if an error is detected regardless of the direction of data flow. The II parity 
bits are latched with the II D <31:00> information by IT DS signal and enabled by II OE signal. 


II Data Strobe (II DS)—This signal controls the transparent latches for the II D<31:00> input 
data. The input latch is transparent when the II DS input is asserted and the information is latched 
when the signal is deasserted. 


II Output Enable (IT OE)—Controls the output drivers for the II D> 31:00> and Il P<3:0> 
lines. When IT OE is asserted, the contents of the II D < 31:00 > output latch are transferred to the 
II D<31:00> data bus. When it is deasserted, the II D < 31:00 > lines become a high-impedance 
state. Line II OE has a 50-pA pullup circuit so that if the pin is not connected, it will remain 
deasserted. | : | 

II Mask (II M < 3:0 >)—Controls the ability to perform an II operation to individual byte fields. 
When the selected II M<3:0> lines are deasserted, an II bus write operation for the correspond- 
ing byte field is suppressed and an II read operation returns all zeros including the parity bit. The 
mask information is latched by the assertion of the IT AS line. Table 2 lists the II bus interface mask 
bit assignments. 
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Table 2 » VAXBI 78743 II Bus Mask Bit Assignments 











IT Mask lines* Valid data Valid parity 

3 2 1 0 

1 1 1 1 II D< 31:00> IIP<3:0> 

0 0 0 1 Il D<07:00> II PO 

0 0 1 0 WID<15:08> II Pl 

0 : 0 0 I D<23:16> II P2 

1 0 0 0 ID <31:24> 11 P3 

7 ae input combinations that specify the validity of the bytes on the II D < 31:00> lines are 
allowed. 


I Address (II A < 6:0 > )—Controls the selection of the internal registers in the register file. Refer to 
Figure 4 for the hexadecimal address values assigned to the registers. The II A<6:2> signals pass 
through a transparent latch controlled by IT AS input and may be used ina latched or unlatched mode. 
Lines II A<6:2> are used to select the primary longword register being accessed and lines 
IITA <1:0> control the byte offset multiplexers attached to the internal registers as listed in Table 3. 


Table 3 = VAXBI 78743 Byte Offset 





II A line* Byte offset 
1 0 

L 2 none 

L H 1 

H L 2 

H H 3 


*H =high level, L= low level. 


For registers within the dual octaword buffer, the bytes that extend beyond the primary longword 
register are contained in the next adjacent register (A<6:2>+1) except when II A 
<6:2> =00111. When the exception exists, the primary longword register is at the bottom of the 
buffer and the offset is transferred to the longword register addressed by 00000. For registers not in 
the dual octaword buffer, the bytes that are offset beyond the primary longword register are not 
written during write operations and-are returned as all zeros on read operations. 


II Address Strobe (II AS)—Controls the transparent latch for the II A<6:0> data and mask bits 
II M<3:0>. The input latch is transparent when II AS is asserted and latched when deasserted. 


II Write Strobe (II WS)—Controls the writing of the internal register file. The input data from the 
transparent latches on lines II D< 31:00> is loaded into the selected register during assertion of 
the IT WR strobe. The deassertion of the selected II M < 3:0> lines will inhibit the write operation 
for the corresponding byte field. When accessing the DMA octaword data buffers, the byte valid bit 
for the addressed location is set when its byte is written. 








II Read Strobe (II RS)—Controls the read operations for the II bus port of the register file. The 
read operation is initiated when the ITRS line is asserted and the resulting output data is held in the 
II D<31:00> output latch when the IT RS signal is deasserted. Deassertion of the selected II 
M <3:0> lines will inhibit the read operation for the corresponding byte field. 
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II Clear Valid Byte (II CLRVB)—This signal is used to clear all the master port Byte Valid bits 
associated with the dual octaword buffer. 


II Parity Select (II PSEL)- Selects which source of parity (user supplied or internally gener- 
ated) is passed to BCI PO output when data is transferred to the BIIC. A low level selects user 
parity and makes the errors within the processor bus interface or the BCAI visible to the VAXBI 
bus. A high level selects the internal parity that always provides correct parity for the data being 
passed to the BCI bus. This signal is latched by the BCI AS line. If internal parity is selected and 
errors on the II bus cause bad parity, the PBAD line will be asserted when data is transferred 
from the BCAI to the BIIC even when good parity is indicated for the transfer from the BCAI to 
the BIIC. 

II Parity Bad (II PBAD)— When set, it indicates one of two conditions: 


- When transmitting data to the BIIC, the result of the internal parity generation from the BCI 
D<31:00> and BCI 1<3:0> lines for this cycle do not agree with the parity bits associated 
with the 5 bytes being transmitted. 


- When receiving data from the BIIC, the BCI PO line from the BIIC does not agree with the 
internal parity generated from the 5 bytes being received on the BCI D<31:00> and BCI 
1<3:0> lines. 


II DMA Page Overflow (II DMA PGOVF)—Asserted to indicate that the DMA address register has 
reached the boundary of a 512-byte page. 

II MAP Page Overflow (II MAP PGOFV)—Asserted to indicate that the MAP address register has 
reached the boundary of a 512-byte page. 

II DMA Increment Enable (II DMA INC ENA)—Enables the low-order 9 bits of the master port 
DMA address register to be incremented by a value of 4, 8, or 16 as specified by the length field (bits 
31:30 of the DMA address register) whenever the master port DMA address register is accessed by a 
BCI read operation. 

II Map Increment Enable (II MAP INC ENA)—Enables the low-order 9 bits of the master port 
map address register to be incremented by a value of 4, 8, or 16 as specified by the length field (bits 
31:30) of the map address register when the master port map address register is accessed by a BCI 
read operation. 

BCI Bus Signals 

Table 4 is a summary of the BCI bus signals that connect the BCAI to the BIIC interface. The signal 
functions are described in the paragraphs that follow. 


Table 4 = VAXBI 78743 BCI Bus Interface Pin and Signal Summary 


Pin Signal Input/Output Definition/Function 

C2,D3,A1,C3, BCID<31:00> input/output BCI Data < 31:00 >—Data lines that transfer 
B2,A2,C5,B3, data between the BCIA and the BIIC interface. 
A3,B4,A4,B5, 

A5,C6,B6,A6, 

A7,B7,B8,A8, 


A9,B9,A10,A11, 
C9,B10,A12,B11, 
A13,B12,C11,B13 
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Pin 


E14,F13,D14, 
F12 


E13 


F14 


D1,E3,C1,D2 


E2 


H12 
H13 
H14 
G14 


C13 


B14 


E12 


C14 


D13 


Gi2 
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Signal 
BCII<3:0> 


BCI PO 





BCIA<3:0> 





BCI AS 





BCI WS 


BCI ENA WS 





BCI RS 


BCI ENA RS 


BCI ENA MLS 


BCI ENB MLS 


BCI MLS 


BCI SLS 


BCI ENA SLS 


BCI MDE 


Preliminary 
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Input/Output Definition/Function 


input/output 


input/output 


input 


input 


input 


input 


input 


input 


input 


input 


input 


input 


input 


input 


input 


BCI Information < 3:0 >—lInformation lines 
used to transfer command, mask, and status 
information between the BCAI and BIIC 
interface. 


BCI Parity—A parity indicator from the BIIC 
when data is received and to the BIIC when 
data is transferred to the the BIIC. 


BCI Data strobe—Loads the information on 
the BCI D<31:00> and BCI I< 3:0> lines 
into the BCAI. 


BCI Address—Controls the selection of the 
internal registers in the register file. 


BCI Address strobe—Controls the loading of 
the A<3:0> input information from the 
BITC. 


BCI Write strobe—Controls the writing or 
from the BIIC to the register file. 


BCI Enable write strobe—Enables the BCI WS 
input to the BCAI. 


BCI Read strobe—Controls the read opera- 
tion of the register file from the BIIC. 


BCI Enable read strobe—Enables the opera- 
tion of the BCI RS signal from the BIIC. 


BCI Enable A master latch strobe—Enables 
the operation of the BCI RS signal input from 
the BIIC. 





BCI Enable B master latch strobe—Enables 
the operation of the BCI RS signal input from 
the BIIC. 


BCI Master latch strobe—Controls the opera- 
tion of the transparent output register. 


BCI Slave latch strobe—Controls the transfer 
of information on the BCI D<31:00> and 
BCI I<3:0> lines to the BIIC. 


BCI Enable slave latch strobe—Enables the 
operation of the BCI SLS input from the BIIC. 


BCI Master data enable—Controls the master 
output data from the BCAI to the BIIC. 
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Pin Signal Input/Output Definition/Function 





G13 BCI SDE input BCI Slave data enable—Controls the transfer 
of the slave data from the BCAI to the BIIC. 


BCI Data (BCI D< 31:00 > )—Bidirectional data lines with a transparent input latch and two 
output latches. The input latch is controlled by the BCI DS line. The transmitters for the output 
latches are controlled by BCI MDE for the master data output latch and by the BCI SDE input for 
the slave data output latch. 


BCI Information (BCI I< 3:0 >)—These lines are used to transfer SCMD, DCMD, and MCMD 
commands, mask, and status information to and from the BIIC. The lines are latched and enabled 
by the same signals as the BCI D< 31:00> lines. 


BCI Parity (BCI PO)—This bidirectional line receives the parity information when receiving data 
from the BIIC and it is compared to the parity from the internal parity generator. Internal parity is 
generated when the BCI D < 31:00 > and BCI 1<3:0> lines are latched. When transmitting data, 
this line supplies user parity or internal parity, as selected by line II PSEL. If internal parity does not 
agree with externally supplied parity in either direction, the II PBAD line is asserted. The BCI PO 
information is latched and enabled the same as the BCI D < 31:00 > lines. 

BCI Data Strobe (BCI DS)—Controls the transparent input latch for BCI D < 31:00 >, BCII< 3:0>, 
and BCI PO input data. The input latch is transparent when BCI DS is asserted and the information 
is latched when it is deasserted. 

BCI Address (BCI A < 3:0 >)—Controls the selection of the internal register file registers. The 
BCI A<3:0> lines transfer through a transparent latch controlled by the BCI AS signal and may be 
used in a latched or unlatched mode. 

BCI Address Strobe (BCI AS)—Controls the transparent latch for BCI A< 3:0> input data and for 
II PSEL input. The latch is transparent when BCI AS is asserted and the information is latched 
when it is deasserted. 

BCI Write Strobe (BCI WS)—Controls BCI bus write operations to the internal register file. The 
input data BCI D< 31:00> from the input latch is loaded into the selected BCAI register during 
assertion of this signal. 

BCI Enable Write Strobe (BCI ENA WS)—Gates the BCI WS level into the BCAI. 


BCI Read Strobe (BCI RS)—Controls BCI bus read operations of the internal register file. The 
operation is initiated when BCI RS is asserted and the resulting data is held in an internal register 
upon the deassertion of BCI RS. The byte valid bits for the addressed register are reset when a byte 
within the DMA data buffer is read. The BCI ENA RS signal must be asserted or this line will be 
disabled. 


BCI Enable Read Strobe (BCI ENA RS)—Gates the BCI RS signal into the BCAI. 
BCI Master Latch Strobe (BCI MLS)—Controls the transparent output register for BCI D < 31:00 > 
and BCI 1<3:0> master output data. The latch is transparent when BCI MSL is asserted and the 


information is latched when it is deasserted. Either the BCI ENA MSL or BCI ENB MLS signal 
must be asserted or this line will be disabled. 
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BCI Enable A Master Latch Strobe (BCI ENA MLS)—Gates the BCI MLS signal into the BCAI. 
BCI Enable B Master Latch (BCI ENB MLS)—Same function as the BCI MLS signal. 

BCI Slave Latch Strobe (BCI SLS)—Controls the transparent output latch for BCI D< 31:00> 
and BCI I <3:0> slave output data. The latch is transparent when the BCI SLS is asserted and the 
information is latched when it is deasserted. The BCI ENA SLS signal must be asserted or this line 
is disabled. 

BCI Enable Slave Latch Strobe (BCI ENA SLS)—Gates the BCI SLS signal into the BCAI. 


BCI Master Data Enable (BCI MDE)—Controls the transfer of the data in the master output latch 
to the BCI D< 31:00 > and BCI 1<3:0> lines. This signal has an internal 50 yA pullup device so 
that the BCI D<31:00> and BCI I1<3:0> lines remain a high impedance when the BCI MDE 
input is not connected. 

BCI Slave Data Enable (BCI SDE)—Controls the transfer of the data in the slave output latch to 
the BCI D< 31:00 > and BCII<3:0> lines. This signal has an internal 50 pA pullup device so that 
the BCI D <31:00> and BCI 1<3:0> lines remain a high impedance when the BCI SDE input is 
not connected. 


General Register Addressing 


Figures 5 shows the memory map configuration and information of the BCAI registers when 
accessed by the II bus interface. Figure 6 show register memory map configuration and 
information of the BCAI registers accessed from the BCI bus interface. The hexadecimal address 
assignments and read/write capablities of each register are listed in the figures. 
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IA<6:0> | 
31 


23 


Preliminary 


Il D<31:00> | 
16 15 0807 00 


MASTER PORT A DMA DATA O 


MASTER PORT A DMA DATA 1 


MASTER PORT A DMA DATA 2 


a 
a 
5 





MASTER PORT B DMA DATA 3 


MASTER PORT DMA ADDRESS 


28 MASTER PORT MAP DATA 


2C 


30 | 


34 | 


38 


MASK / 
| STATUS | 


MASTER PORT MAP ADDRESS 


NEXT PAGE REGISTER ZEROS 


3C ZEROS 


40 


AC 


50 | 


54 






SLAVE PORT DATA 1 


| MASK/ 
| STATUS | 
(SPD 2) 


SLAVE PORT ADDRESS 





R= READ ONLY 
R/W= READ/WRITE 
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R/W 


R/W 


R/W 


R/W 


R/W 


| Rw 


| RAW 


RAW 


R/W 


R/W 


R/W 


R/W 


| MASK / 
44 STATUS | 
(SPD 1) | 

48 SLAVE PORT DATA 2 


| RW 


R/wW 


| R/W 


RW 


Figure 4» VAXBI 78743 II Bus Interface Register Memory Map 
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BCI A<3:0> | BC! D<31:00> l BCI 1<3:0> 
31 24 23 16 15 08 07 00 


MASTER PORT A DMA DATAO 
MASTER PORT A DMA DATA 1 
MASTER PORT A DMA DATA 2 


MASTER PORT A DMA DATA 3 
| | 


MASTER PORT B DMA DATA 0 


B 
¥ 
7 
E 
V 
A 
L 
| 

D 
B 
| 

tT 
S 


| MASTER PORT B DMA DATA 1 


MASTER PORT B DMA DATA 2 | 
| MASTER PORT B DMA DATA 3 


MASTER PORT DMA ADDRESS 


MASTER PORT MAP DATA | 


MASTER PORT MAP ADDRESS | 


SLAVE PORT DATA 2 


SLAVE PORT ADDRESS 





R= READ ONLY 
R/W= READ OR WRITE 


Figure 5* VAXBI 78743 BCI Bus Interface Register Memory Map 


The registers within the file are grouped according to their supporting function. Support for the 
DMA port consists of a two octaword DMA transaction buffer, a command/address register with 
increment capability, and a next page frame (NPF) register. Support for the mapped master port 
consists of a command/address register with increment capability and a single longword data 
register with a mask/status register. Support for the slave port consists of a command/address 
register and two longword data registers, each with a mask/status register. A more detailed 
functional description of the registers is described. 
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dc Electrical Characteristics 
Table 5 contains the dc electrical parameters for the input and outputs of the BCAI interface chip. 


Table 5 « VAXBI 78743 dc Input and Output Parameters 


Symbol _—_ Parameter Test Conditions Requirements Units 
Min. Max. 
Veg High-level 2.2 Vie V 
_ input voltage 

Vig. Low-level az ib Q 0 ° 8 V 
input voltage 

W 4a High-level L.,, =U Ips: 27 _ V 
output voltage 

Vien Low-level L. =U lo = 0.5 V 
output voltage 

i High-level Vou =I Von ~400 = mA 
output current 

op Low-level Vian — II Vor 4 0 rar mA 
output current 

L Input current’ — +20 LA 

Lis Input current —330 100 pA 
open latch! 

Ts Output current — -—150 mA 
short circuit? 

lee Enable line BCIMDE,BCISDE, 50 200 A 
current II OE inputs 

Ls Power supply — 500 mA 
current 

Gis Input/output Oe Vie Ve — 10 pF 
capacitance 


‘Applies to the following three-state bidirectional signals: BCI D < 31:00 >, BCII<3:0>, BCI PO, 
IID <31:00>, and IIP<3:0>. 

II,, applies when the following inputs are open and I, when closed: BCI A<3:0>, IIM<3:0>, 
II A<6:0>, and II PSEL. 
?Not more than one output must be short circuited at a time and the duration of the short must not 
exceed 1 second. 
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ac Electrical Characteristics 
Figure 6 shows the signal timing for a read transaction from the BCI bus interface and Table 6 lists 
the timing parameters. Figure 7 shows the signal timing for a write transaction from the BCI bus 
interface and Table 7 lists the timing parameters. Figure 8 shows the signal timing for an address 
increment and Table 8 lists the timing parameters. The signal timing for a II bus interface read 
transaction is shown in Figure 9 and the timing parameters are listed in Table 9. Table 10 lists the 
timing parameters for a II bus interface write transaction shown in Figure 10. 


Note 


VAXBI 78743 


The propagation delays of the outputs assume a capacitance load of 50 pF. For loads greater than 
50 pF, the following applies 


t (50 pF < C,,,, < 100 pF) = t (50 pF) + C,,,,/5.9 —9.1 


+ tgasw > 


Le tBaSs1 — tBASH1 
tBAS1 


BCI AS 


BCI A<3:0> ; 
"esi a4 ae tBHI | cial 


(+ — ‘BPCH 


ccna st “a 


BCI SLS ; 
BCI MLS ww ey 





‘BRD 
BCI MDE | | 
BCI SDE 
| - ‘BOE at ie. tBopD = 








BCI D<31:00> tLo 
BCI I<3:0> eT \ 
=" + tPED 
PBAD 
=a a tBID 
Figure 6 » VAXBI 78743 BCI Bus Interface Read Transaction Timing 
Table 6 = VAXBI 78743 BCI Bus Interface Read Timing Parameters 
Symbol Definition Requirements (ns) 
Min. Max. 
tes; BCI A<3:0> to BCI AS setup time 15 — 
tis BCI A<3:0> to BCI AS hold time 10 — 
tale BCI address latch strobe width 15 — 
texeas BCI AS to BCI RS setup time 45 —_ 
tote; BCI A<3:0> to BCI RS setup time 45 > — 
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Symbol Definition Requirements (ns) 
Min. Max. 
ee BCI AS from BCI RS hold time 15 — 
teas BCI A<3:0> from BCI RS hold time 15 — 
tase Read strobe width 90 aoe 
(one Preset width (BCI RS and BCI WS unasserted) 40 ae 
on Output latch close time after read access — 100 
oo Read access time — 110 
fe BCI MLS, BCI SLS strobe pulse width 25 = 
tia BCI MLS, BCI SLS strobe hold time 15 — 
foe BCI output enable time — 40 
fe BCI output disable time — 40 
teen Parity error output delay — 60 
ts Latch to output delay oe 50 
tei II WS deasserts to BCI read (same register) 0 — 
BCI A<3:0> 


k-—"es1 —a ee Pen 


BCI AS EE ——/ \ / 
ae ai bas tBASH2 
ince 

BCI WS = tasw —- fa— tBpPCH—>\ 

ae — | 
j~— tBDS1—> 


TIPBAD | | / \ 
| >| be— "PED : 


BCI DS | \ez taosw —»/ 
tea tBs2 ail e— 1BH2 
BCI D<31:00> | 


BCi PO -~ 
UBD 


WRS \ / 


Figure 7 « VAXBI 78743 BCI Bus Interface Write Transaction Timing 
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ts: 


tin 
tasw 
trass1 
tras1 
tant 
trasHi 
tise 
tipcu 
tirp 
thor 


top 


HWA<3:0> 


AS 


li D<31:00> 
il P<3:0> 


Preliminary 


VAXBI 78743 


Table 8 » VAXBI 78743 II Bus Interface Read Timing Parameters 


Definition 


Il A<3:0> to II AS setup time 
II A<3:0> to II AS hold time 
II address latch strobe time 


II AS to II RS setup time 


Il A<3:0> to II RS setup time 

II A<3:0> toIIRS hold time 

II AS from II RS hold time 

Read strobe width 

Preset width (II RS and II WS unasserted) 
Read access time 

II output enable time 


II output disable time 


Requirements (ns) 


Min. 


15 
10 
I 
60 
60 
15 
15 
45 
40 


Max. 


90 
40 
40 


aD 
= ae! la tH1 es oe 


ASW 


NASS2 
NAS2 


.— tlASH2 





'IDS2 
oso 


Le 
— 





Figure 9» VAXBI 78743 II Bus Interface Write Transaction 


Confidential and Proprietary 





4-155 


CREHGED Preliminary VAXBI 78743 


Table 9» VAXBI 78743 II Bus Interface Write Timing Parameters 





Min. Max. 
te II A<3:0> to II AS setup time 15 — 
ae II A<3:0> to II AS hold time 10 = 
ee II address latch strobe time 15 — 
tees II AS to II WS setup time 60 — 
tines Il A<3:0> to II WS setup time 60 a 
tian II A<3:0> to II WS hold time 15 — 
te: II AS from II RS hold time 5 — 
tines II DS to II WS setup time 0 — 
tines IID<31:00> toll WS 0 — 
lee Write strobe width | 45 — 
tac Preset width (II RS and IT WS unasserted) 40 — 
tee II data strobe width 15 —_ 
tye; II D<31:00> and II P<3:0> to II DS setup time 1D — 
fins II D<31:00> and II P<3:0> from II DS hold time 10 = 


BCI D<31:0> 
(DMA/MAP ADDRESS ACCESS) INCREMENTED 


r ‘BRD n 
BCI RS \ / \ / 


tBSR : tMIN 1 aa 
tals tAlH | 
I! DMA INC ENA | 
I. MAP ING ENA 
| = tPOD tPOD 
. tppD — 
il DMA PGOVF 


Il MAP PGOVF 


__ pommel =) 


HWS | 








Figure 10» VAXBI 78743 BCI DMA and MAP Address Increment Timing 
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dc Electrical Characteristics 


VAXBI 78733 


Table 10 contains the dc electrical parameters for the input and outputs of the BCI3 interface chip. 


Table 10 - VAXBI 78733 dc Input and Output Parameters 


Parameter Symbol Test Condition 
High-level Vie 

input voltage 

Low-level Vin 

input voltage 

High-level Vou lou =-400 A 

output voltage 

Low-level Vou Lig = 2 P 4 mA 

output voltage Io, = 4.0 mA* 

Input leakage i; OV <V,, <5.25V 
current 

Output high- ee OV <V,,<5.25V 
impedance 

leakage current 

Supply current Lee 

Input C,, BCI MDE, BCI SDE 
capacitance all other signals 
Output one 

capacitance 


*Open-drain outputs 


Requirements 
Min. Max. 
24 o— 

-0.5 0.8 

2.4 — 

_ 0.4 
-20 20 
—20 20 
— 500 
— 50 
—- 10 
— 10 
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pF 


pF 


{ilo} i|t al DC004 


- Pin and Signal Descriptions 


This section provides a brief description of the input and output signals and power and ground 
connections of the DC004 20-pin DIP. The pin assignments are identified in Figure 2 and the 
summarized in Table 1. The signal names shown in the diagram are for the condition where the 
DC004 is connected to the internal three-state bus of the DCO05. 





VECTOR(]1 @ 200 Vcc 
BDAL 2[]2 190) ENB 
BDALT(]3 18[7] RXCx 
BDAL 0 170) SEL6 
BWTBT (15 16C)SEL4 
BSYNCO 15(C) SEL 2 
BODINE 140)5ELO 
BRPLY C8 1310 OUT HB 
BDOUT 120] OUT LB 


GND[]10 11D INWD 


TOP VIEW 


Figure 2» DCO04 Pin Assignnzents 
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DC005 4-Bit Transceiver 


Features 


« Used with the DC003 and DC004 circuits to implement a program control device interface. 


* Used with the DC003, DC004, DC006, and DCO10 circuits to implement a direct memory access 
interface. 


- Functions as a bidirectional buffer between the device logic and computer bus. 
« Includes comparison circuit for device address selection. 
- Includes constant generator for interrupt vector address generation. 


« Includes Q-bus drivers and receivers. 


Description 


The DC005 4-bit transceiver, contained in a 20-pin dual-inline package (DIP), implements low- 
power Schottky technology and functions as a bidirectional buffer between a data bus and 
peripheral device logic bus. It includes a comparison circuit for device address selection and a 
constant generator for interrupt-vector address generation. It provides high-impedance inputs and 
high-drive, open-collector outputs to allow direct connection to a computer data bus structure. The 
bidirectional device port includes TTL inputs and three-state driver outputs. Figure 1 is a 
simplified logic diagram of the DC005. 
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Figure 1* DCO05 Simplified Logic Diagram 
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